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Armstrong, Jane M. ACHIEVEMENT AND PARTICIPATION OF WOMEN IN MATHEMATICS: 
RESULTS OF TWO NATIONAL SURVEYS'. Journal for Research in Mathematics 
Education 12: * 356-372; November 1981. \ : = * : 

Abstract and commeQts prepared for I.M.E*. by CHARLES E. LAMB^ 
The "University of Texas at Austin. ' ' * " * 

1.* purpose - , • 

Few previous studies have controlled for ^students ' mathematics course-^ 
taking histories. Therefore, the current study was undertaken (using the 
^results of two national surveys) to determine sex differences In mathematics 
achievement when' course-taking was controlled. Sex differences .in sp'atial 
ability were also considered. 



Rationale '* 

f * t The two Surveys used in the study were: (1) Women in Mathematics 

Project and (2) National Assessment of Educational Progress. Previous 

— \ *" ** 
.research is cited which tends to show slightly better achievement fojr males 

\ -*"•""" 1 s 
in mathematics. J^ork by Fennema and others has suggested, that the achieve- 
ment differences' might be explained by differential participation^. c Evidence 
"seems to show significantly higher participation in mathemajj£s--£oT males 
, over females. • / 

Previous studies^wjiijih-tevT^ttemp'te^ to determine the effect of dif- 
. fer^nt^ai trouTse- taking on achievement have produced inconsistent results.,. 

An alternative cause for achievement differences might *be spatial, ability . 

i * » - Q * ♦ * 

This is taken into consideration in the 4£udy. , * 

V * ' 

' * \ ' : ' ■ 4 • - . v 

3. t Re search -Design and Procedures . * ' — - 

The Women in Mathematics Survey: A 90 -minute questionnaire was developed 
to assess students 1 mathematics achievement and attitude as well as to collect 
background information on matters such/as cour^se^aking history, ptte results 
here focus only on achievement and^ participation. Achievement wp& assessed 
via* it ems from standardized tes^s.. Participation* was deterfajn^d.by asking 
students which courses' they had taken or 6xp&cted to take at the^ high school # 
jfevel, ^ Sample's were d£awn from 13-year-olds and high schooi. seniors. t The 
l3-yeaj|-old sample included &2 schools for a total $f 1 352 students.. The 
senior-year sample included 71 schools" and* a ttftaf of 1 788 students,,. 

• ... «M • • 
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% The NAEP Mathematics Assessment: This study was conducted during the, 

1977-73 school year using a large national probability sample of approximately 

75 000 students. Students were tested 'at "ages 9, 13, and 17. A more 

4et ailed, de^sctiptipn^ of NAEP can be founcLin Procedural Handbook:* 1977-78 

Mathematics Assessment (NAEP, 1980). 
<r 



4. Findings . * , m 

Sex Differences in Achievement: In general,- males at the senior-year 
level outperformed females on the ^irious aspects of mathematical ac h i eve ment. 
At the 13*-year-old level, the females tended to do better than jnales. This 
, same general pattern existed for both the. Women in Mathematics Survey and the 
,NAEP* data. * • 

Sex Differences in Participation: The pattern. £or ooth the NAEP assess- 
ment and the WIM» Survey sUfegests-that males and females participate in basic 
mathematic J s_course1f"at roughly the same rate. At higher levels, enrollment 
" seems to favor males. . • 

Sex Differences in Achievement Within Participation Levels: At nearly 
every level of participation, men have some sort of achievement advantage over 
women. Apparently, achievement differences are not solely a function of 
$ differences in participation. 

• 5. Interpretations t - 

Achievement*: Thirteen-vear-old females start Jiigh school mathematics 
programs vith at least^ the same* mathematical abilities as their male counter- 
parts. They usually hive an edge in computation and spatial ability. By 
'the end' of high school, males have passed females in most scales and have 
•erased the previous female edge in computation and spatial ability. v 

Participation: There appears to be somewhat higher participation by g 
— males as .the level of cour.se increases . ; 

Achievement Within Levels of Participation: It seems that achievement 
differences are not solely a function of differences in participation. Males 
seem to have an advantage at nearly every level of participation. Also, tjfe 
differences do not appear to be' related to spatial visualization. 

Possible explanations of sex differences may be due to out-of-school 
experiences and/or personality differences not previously considered. -This^ 
warrants further investigation. * 



MC 



Abstractors Comments 
(1*) The topic is an important one that has received njuch interest in 
the^recent professional literature in mathematics education. 
, P.) In terms of format, the consideration of spatial abii^Y^-seeTnecT~ 
like, some thing-'of ~a*n afterthought. * < 

(3) Except forjthe^commeit^bn^(2yr^e report is well-written. 
. (4)^JThe_ -suggestion that future research might look' at (1) out-of-school 
V~^exper ience and (2) personality variables seems feasible. 

# (5) I appreciated" the author's willingness to make definite statements 
in the conclusions "section. For example, » 

v . It is clear that achievement differences are not solely " 4 , 

.. a function of differences in participaticfa. (p. 371) 

f 

* * _ — -~ — * 
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Behr, Merlyn J. and Wheeler, Margariete Montague. THE CALCULATOR FOR CONCEPTS 
FORMATION: A. CLINICAL STATUS STUDY . Journal for Research in Mathematics 
Education 12: 323-338; November 1981. » 

Abstract and comments' prepared for I.M.E. by J. D. GAWRONSKI, 
San Diego Co^unty Department of "Education. , 

- - ' - - - s ' • 

1. Purpose ' . v 

This s,tudy was designed to determine if -young, school-age children 
could' use the "counter button" (equals key) of ^a calculator for performing 
counting activities associated with basic facts of addition and subtraction. 

2. • Rationale ' - 

Counting strategies such as "count a^ll", "count-on-with tally", .a^d 
"co un t -on-wit ho ut?- tally" .to perform additions^ have been identified by other 
researchers. Strategies, such a's "coupt-back-with-tally" to perform subtrac- 
tions have also been observed. This study attempts to extend that' research 
t?y studying' whether children can use a calculator to perform count ing^ ta^ks. 
If calculator use does augment "count-with-tally" behaviors, it may be 
possible to facilitate a child's acquisition ,of addition and^ sub tract ion 
concepts. . # 

' i 

3. Research Design and Procedures 

Kindergarten and f ifcst-grade children who* were teacher-identified as ~» 
high*, middle,. or low ability in mathematics were the subjects^ of this stu4y. 
At each grade level, f ive w children were randomly selected from each classi- 1 
fioation. The results of the Purdue Test of Conservation were used to 

f 9 

classify 3, 4, and 8 kindergarten children and 11, 1, and 3. first-grade, 

children as conservers, tr,ansitionals*, anli non-conservers, respectively. 

Calculatt>rJ:amiliarization and 16 assessment tasks in correspondence, 

number permanence, coxirespondeivce with discrepancy, and transformation were 

4ndivi<fually presented to each child in two 25- to 35-minute videotaped 

interviews. Researchers alternated responsibilities of interviewer and 

* \ 
recorder between sessions. j 

* « i 

4. Findings \ * 

. The children had no difficulty reading numerals -on the calculator" 
display an<flearned "with reasonable ease" to^ "program" the calculator to be 



a "counter". More- than 85 percent of the children at each ferade .level were 
able to use the calculator to maintain a one-to-one correspondence between 
an oral count and a calculator count. On number permanence tasks, the oral 
co.unt of chips remained unchanged for 14 kindergarteners and all 15 first 

-graders, and the calculator count of chips remained unchanged for 10 kinder- 
garteners and all 15 first 'graders. The results of the c6rrespondence with w 
discrepancy tasHs indicated that approximately two-thirds of the 120 responses 
gave evidence that the calculator was perceived as a counter. In the simple * 
addition an^ subtraction tasks ""most children at each grade level recognized 
that the interviewer-introduced transformation produced an inequality and 
transformed the calculator count so. that an equivalence was re-established." 

On the simple inverse transformation tasks, at least 40 percent of the 
children *at each grade level gave satisfactory explanations. The last two 
tasks were the complex addition /subtraction transformation tasks. The results 
indicate that complex addition is efcsier than complex jSubtraction ; the com- 
parative difficulty of the ^wo. tasks seems to disappear with the older, first- 

^grade children. * 

5. In te r pr e ta frions * 

The researchers indicate that the data suggest that most kindergarten 
and firs£-grade children appear to perceive a calculator count as a permanent 
indicator of the cardinality of a set and are apt to use a calculator as «a 
"facilitator of oral counting. By inference, the children might use the 
calculator as a counter to facilitate internalization of basic fact addition 
and subtraction. The researchers are "cautiously optimistic about encouraging 
curricular research,that would employ the calculator as a counter to facilitate 
a child*' s acquisition and internalization of counting strategies appropriate 
for addition and subtraction." 

■ . • \ * ... . ' ' * ■ 

Abstractor's Comments 4 1 / 

The sequence of tasks used in this study is carefully described and / 
presented. The experimental activities of pretesting, videotaped interviews, 
and interviewing/recording seem reasonable and well-suited to the purpose of 
the study. It is important to empHhsizeJiere that this was not a comparative 
studf to determine if one method of instruction was "better than" another. 
JIhis study was "to examine whether young, school-,age .children perceive - 



successive punches©/ the counter button of a handheld calculator as a means 
for counting wltn tally". " But I wonder why? And where does this- research 
lead? Is it motivated by a' need to be' prepared for the pencil-less, paper- 
less environment of* the future when we will rely on electronic devices? 
Or are we looking forward to the 'day when the plot of Isaac Asimov's^. 
» 7 Feeling of Power .comes* true and we need to deal wi*th the technical [student] 
who discovers calculator displays can "be replicated on paper with pen or 
gencilf It doesn't appear to me that the research sheds any light or Adds 
any new insights to what we know about initial learning of addition and 
subtraction skills. The research was certainly well conducted and generally 
,well described. This report, however-, would have teen improved with a more 
substantive rationale. 
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Bell, Alan; Swan, Ma&olm; and Taylor, Glenda. CHOICE OF OPERATION IN 
VERBAL PROBLEMS WITH BBC IMAL NUMBERS. EduGatjonal Studies in Mathematics 
12: 399-420; Novembeff 1981. ♦ # 

• • \- * 

Abstract and comments prepared^for I.M'.E. by KAREN aL SCHULTZ, 
Georgia S>tate University. < * * > " 

* * 1 t • 

1. . Purpose f 

The purpose of the study was to address .four questions; (1) the suita- 
bility of the gene ra^diagnos fie teaching metho$, (2^ the adequacy of the 
use of the conceptual map^to find misconceptions, (3) the jef fectiveness of 
the use of- cognitive cjonffict and general teaching strategies, and (4) the 
effectiveness of calculator -enriched -teaching materials to improVe under- 
standing.'' Learning choice o%* operation" in .verbal problems with decimal num- 
bers was the medium^ through which the four questions were considered. 

c2 . Rationale . .tJJJ o * * 

a, . Though substantial work has been , reported on the use of conceptual 
maps to identify level "o^ difficulty and describe typica^misconceptions 
and strategies, less work" agists on teaching based on 'this information. 

b. TJiere is*little^6r no guidanc*e in elementary or* secondary school 
♦textbooks in ^earning hov^tq choose .the operation in problem solving. 

Related research has focu^sed on tjie efffect of the difficulty of certain . 
features of a pro^JLem, but riot on the 'conceptual schemes children, have. 
The, presence of decimal numerals in problems has been shown to^be particularly 
troublesome. £ . i " c 

3. Research Design and<lProcedures * t 

. Exploratory interviews^ }? Abdttt 20 pairs of students,, aged 12 to 16, 
within *the normal range of .apility, were given problems presented in three- 
page booklets, with page ^2 in d 3 displaying relevant hints^ such as using 

Discussion between students was encouraged, 
e a problem given the # booklet hints, other hints 
were offered. The uses.^of easier numbers, estimation, and drawing diagrams 
were of particular interest to the investigators. About half of the inter- 
views were observed by. a r second person and some were videotaped. Audio 

*' ' * * * 

recordings vere made of kll the interviews^ 



easier numbers or di§grams. , 
When students could not £olv 



Diagnostic testing / A diagnostic tes£ based^on the interview result-a 

was designed. It contained '^he following nine areas: , & 
* • * \*«~ * , v. 

Area I Choice of operation 

Area II Understanding of place value and ordering for decimals 

& Area III „ **£he assumption t.hat 'multiplication, makes* -bigger 1 

* a » *- ' i 

x " must be resisted \ 

v, . - . . , 

Area JV Division tiust be recognized as non-commutative 

Area V Division symbols. such as a)b, a 7 b must be read 

# in the correct direction - • 

Areas VI, VII. Misleading words 'more 1 aftd 'times 1 must be resisted 

Areas VIII Awareness of*«ize of ^jnits 

Area IX* Explanation of ' a/dfoeck of correctness, (p. 409) 

There were 38 items in the test, 15 of whilcl) were taken 'from the* test 
"Place Value and Decimals" developed tiy ; the Chelsea pr-oject, Concepts in 
Secondary Mathematics and Science (CSMS) (Hart, 1980). "The test was adminis- 
tered to 27 fifteen-year-olds of below-average ability in. a middle-class 
secondary school • Data from 18,, students are reported. ■ 

Teaching experiment . The same lk students were given eleven. 70 -minute s 
lessons after the diagnostic test was administered as a pretest^. The lessons 
and, activities addressed the concepts in the nine Areas and * 

concentrated on one-step multiplication* and division ■** ~ r ♦ 
problems, involving decimal' numbers, and in supposedly very 
familiar contexts. .... [The] teaching material used rich 
situations, and also games, a mixture of teacher-posed and 
• pupil-generation questions.. # Feedback was sometimes through 

'the game situation (the opponent wins or challenges), some- ^ 
. times from consistency, sometimes by trial and improvements, 
'(p. 402) * • 

Immediately following the teaching * intervention, the diagnostic test 

was given again as a posttest and repeated three weeks later as, a delayed 

posttest. * 1 ' - 

* i ' 

^ Findings - • , ^ 

The percentage of students reaching criterion (about 3 /Ho f the items) 
in each Area for pre-, post-, 'and delayed posttests was reported. The most 
Improvement occurred in Area II, both in immediate and delayed post testing. 
Areas III and VII had immediate and delayed post testing results that remained 
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the sarae. Moderate to dramatic decreases in understanding from immediate 

to delayed post testing were indicated in Areas IV, V, VI, and VIII. Areas 

I and IX showed moderate increases from immediate to delayed post testing. 

• * *W 

5.- ' Interpretations ' ^ , \ »' 

Though the authors felt that* the effectiveness of their diagnostic r 
procedure "was difficult to assess, they did conclude t,hat the teaching based 
on it Was "notably successful'* (p. 419)? They expressed a need for more 
research on (a) choice of operation, tb) teaching strategies especially 
using easy numbers and diagrams, and ,(c) the. separate effects of certain 
strategies. * * 



« Abstractor's Comments - 
This work is interesting and important from several perspectives. The* 
focus on the diagnostic procedure in' the, context of a teaching experiment has* 
the potential of offering qualitative inf ormation»a^ou.t the sensitive process 
of diagnosis and prescription and subsequent learning. Developing the diagnos 
tic t»st on the basis of the data collected through interview^Anc&ased the 
likelihood of producing ah instrument in tune, with areas of confusion. By t,he 
time the teaching materials and^ plans were developed on the bVsis of the 
diagnostic data, the teachers (experimenter's) were #ery sensitlfeed^ to^fe need 
of the learner,* 

The experimenters are to be commended for engaging in research that makes 
' it ^possible to .get in touch with some of the qualitative aspects o£ planning 
for ^instruction based on diagnosis. Valuable information was eked^ out about 
-miscpnceptioiis arising from decimal experiences. However, following are some 
concerns about clarification and completion of reporting that would have given 
;tHe reader more needed information about both decimals and the diagnostic 
procedure *■ * 

* 1. The ^erms cognitive map, cognitive conflict , jand general diagnostic 
teaching method were .used without definition^"- The first two terms were not 
fupther^explained in the report after being used in posing the questions 
^addressed "by the study. Therefore the results o£ the study in* the conte5&* 

of using cognitive maps and ^cognitive conflict are vague. * - * • 

?i a 
2. It is not clear why pairs of Subjects „wej^l' interviewed. Also, it 
* i , , * , a 

h is not clear what, is meant by .saying .the subjects were in the normal range 



of ability. The Reader is left wondering on* what -basis this .was determined. 
.Finally, regarding subjects, it is not known if the' students interviewed % 
.were, from the same school and class as x those who v were diagnosed and taught. 
Sinqe the interviewing. phase was in preparation for the diagnostic phase, this 
information, could influence the reader's impression 'of 4 the re'sults and con- u 
elusions bf tW teaching ex^ex&ment. • ^ . 1 *' 

3. It was tiot explained why some of the interviews were conducted ' 

with a second observer r and some were not,. Also, wViy were some interviews 

videotaped and *some not? ' It might, he 'of interest to know if t those interviews 

• * , * 

which did not* have aseCond observer did not also get videotaped. 

♦4 - * 

4, *pow many problems re given 'during 1 each interview? Why were they 

4 • * > & ■ 1 ' «• *' 

multiple, choice in fprmat? .,Did eacH student pr each pair of students do each 

problem? Examples given did not 'specify . thi<< information,. • % * / 

>, 5. How long was each interview? * How, many jsessions was each pair of 
student^' interviewed 1 ? How long did it take* 1 to conduct all the interviews?- 
These questions artd those pose4' fn (A) above are important for purposes of 
replicating this study .ffs w^ll as interpreting the results. • ^ r 

6. Finally, ,the title suggests, .that the focus, of the study is choice 
of operation. TKis, in light of the four questions delineated in the .^intro- 
duction o£* the report, is. misleading/ 

* « .* * t 

•♦,'•* e 
* ' . +>- , . ' ' ' 
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Bloom, Robert B. 'and Bourdon, Linda. TYPES AND^ FREQUENCIES OF TEACHERS* 
WRITTEN INSTRUCTIONAL FEEDBACK. Journal of Educational Research 74: 
13-15; September/October 1980. ~ " 

Abstract and comments prepared for I.M.E. by ARTHUR F. C0XF0RD, 
'The University^of "Michigan. 

S \ 

1< Purpose and Rationale 

The ^npirical* psychological evidence indicates that feedback correcting 

errors is ;more effective than feedback that identifies incorrect responses 

and that £oth feedback techniques are more effective in increasing academic 

achievement than feedback which identifies correct responses. In light of 

this information, the authors sought to discover the feedback techniques 

-—commonly used by experienced elementary teachers. 

; " / • , • * 

2. , Research Design and Proce dures , . 

Orte hundred eighty-three elementary teachers who were enrolled in a one- 
week graduate course dealing with classroom and behavioral management |were 
used as the sample. The 183 experienced teachers (average of 8.3 years) were 
considered to be "representative" of the experienced teachers within a w 60-mil 
\ radius of the cowrse-of fering institution. Each teacher was given^a sheet 
of pdper CQntain%ig. "Doug's" responses to 16 addition'^|gts and instructed 
to "gracje Doug's paper as you Usually grade, your students* mathematics papers 
The: papers were. 4one anonymously and weA*u>t graded, but they were discussed 
in: a to<fal class setting. • f "* • • 

% 3. , *^^ings p •* * 

The authors each independently .evaluated the papers and identified seven 
categories of feedback used._ Jhe interrader coding Reliability was, 100 per- • 
cent. _JThe categories, along with the relative frequencies found, were: 



Right only 


" 19772 


Wrong only 


20.8% 


Right/Wrong 


16.92 


Redo .Wrongs 


" : 16.4% 


Corrective w 
Teacher Assist-r^"" 


8.7% " 


9.3% 


Diagnose/Prescribe * 


8.2% , 



t 
\ 



4. Interpretations ' " 

The authors noted the following: (i), Noncorrective feedback was identi- 
fied nearly three times as often as corrective feedback; (2) Only one third 
of the users of noncorrective feedback used the most effective 'wrong only 1 
techniques; (3) Only 8.2% diagnosed 4 many- of Doug's errors as* similarly based; 
(4) No general feedback technique jhad wide use; (5) Teacher feedback techniqui 
didf not mirror the techniques found to Be, effective in empirical work. 

Abstractor ! .s Comments* , """"^""""^ 
%ie study Is obviously not a tight ^experimental one "because the sample 
was not random, the participation was voluntary, and no. recognizable experi-* 
•mental design, was used, 6 Rather, it was a status study with a groups of sub- 
jects who happened to be available and whom the authors considered to he typ- 
leal, if not above average. As a status study/ the work has Importance for 
teachers and teacher educators. .Its findings illustrate that the majority 
of the teachers participating used less than, fhe most effective feedback / * 
techniques available. It sterns reasonable to conjecture that they did as 
they did because of lack of knowledge. If that is the case, then the «teacher 
educators who were their* instructors may not have been aware of the empiri- 
' cal bases of their scholarly field — or* else they wouldjhave taught the impor- 
^ tance .of Effective feedback technique. t <*>' *" ] 

To be sure to have great confidence in the findings, one would have to 
replicate the study. with better control procedures. However, we should not * 
hide^p^cademics when we learn that teachers and teapher-trainers are not 
per^or^Jg Jewell. Rather we should take it upon ourselves to teach what is , 
c}.ear from^our scholarly base. * f > t^w * 



.' ' * ,. ' J 
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'Brassell, Anne; Petry, .Susan; and Brooks, Douglas M. ABILITY GROUPING, * 
MATHEMATICS ACHIEVEMENT, AMD PUPIL ATTITUDES TOWARD MATHEMATICS. Journal 
for Research In Mathematics Education U: 22-28,' January 1980.,.^ " 

^ _ , 

Abstract, and comets .-prepared "t or^ I.M.E. 1 by GEORGE M . STANIC , 
University of^W^sconsin at Madison. 

v / 

1. Purpose I 

According to the authors, the primary, purpose of^the study was to in- 
vestigate the relationships between pupil attitudes toward mathematics r and 
mathematics achievement among assigned ability groups. The four h^otheses 
were: , * 

1. 'There will be significant differences in pupils' attitudes toward 
mathematics among district-determined ability groups. *" 
% 4 2. There will, be significant differences in mathematics ability among 
* district-determined ability groups. . 

3. There will be signiffcant differences in pupils' , attitudes toward 
mathematics among teacher-determined ability levels within district- 
determined ability groups. \ 
fc 4. Selected attitudes scales will correlate with measures of mathe- 
matics ,ab>Hty . * ' 1 

2. Rationale ' • • 

After citing a number of studies which have dealt with pupil attitudes 

V 

toward mathematics, the authors state that varied results have been produced 

in investigations .which have attempted to relate fiupil attitudes to mathe- 
» • • 

matics achieVement. The authors assume* that their use of the Mathematics 
JUtitude Inventory is^suf f icient to overcome what* they see as a* major prob- 
lem witji recent Research on attitudes toward mathematics — an overreliance 
on "home-grown" attitude, instruments. * . ^ 

'3. Research Design and Procedures , 

The sample selected for the^study included 714 seventh-grade mathematics 

students from five junior high schools "representing a mixture of soc/ioeco- 

i • 
nomic backgrounds in a suburban community." The authors state that this age 

group was chosen because grades six and seVen "have been shown. to be critical 



des in th,e development 4 of mathematical attitudes. 11 " 

The attitude variables were measured using the* Mathematics Attitude^ 

Inventory (MAI), 'which includes the following scales?, attitude toward 

teafcher, va^i^e of mathematics in society, anxiety toward mathematics, selfr- 

conqept, enjoyment of mathematics, and motivation. Values for the achieve- 

* 1 ■ * * 

mentl variables were determined using scores on the applications, concepts, 

I o » * * 

and Computations scales of 'the .California Test of- Basic Skills (CTBS)^ the 



tota 



score was also used. 
The MAI was administered in mid-winter; the CTBS scores were from ad- 



ministrations of thye test during the previous school year. The authors state 

that I the CTBS scores and the teacher recommendations were the criteria for 

the ability group/ing. Questionnaires given to the mathematics teachers for 

each class, were used to determine the trimester of mathematics in which the 

students we'r^ enrolled*; the mathematics abiU-ty level of the class (high, 

/ «■ ■ * 

medium, low); ind the three highest and three lowest achieving students in 

t J ** 
each class. / \ 
/ % » 

The data/ used to determine blkween-group differences were summarized 

J ' ' ' " 4 \ 

using mean%Cores on the six attitude variables a,nd four achievement; vari- fc 

ables^for efcch district-determined" ability group; tfie mean scores across all 

three ability groqps were a^so given for each variable. The data Used to 

determine within-group' differences were summarized using mean scores on the 

« . 
six attitude variables for each teacher-determined ability level within eac*h 

district-determined ability group. Data- were then analyzed to determine 

whether significant differences in scores existed between district-determined 

ability groups (in terms of attitude 2nd achievement) and 'within district?-/ 

determined ability groups (in terms of attitude). The speci&ic tests and 

test statistics were not given for the analyses mentioned above. Other anal- 

yses were also undertaken. A discrimination analysis was done to determine 

attitudinal variables that relate to ability grouping; a correlation matrix 

of the six attitude variables ahd^the four CTBS. measures of mathematical 

ability was constructed; and a canonical correlation analysis was used to 

compare attitude and 'achievement ' scores . - 1 

• '* * ' ' * ; v 

' ' . . * , ■ ^ J « 

4. . Findings , f • * ■ • • 

. . * • - . _ r K 

Significant differences ,(p < .01) were foun^ between district-determined 
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groups on all attitude variables except motivation (with the. largest differ- 
ences fjpuntl on self-cpncept). and on all four achievement variables. -Within- 
group attitude differences (based on tether-determined abitity levels) were 
also significant on all attitude variables except motivation. The results @? 
of' the discf'irainant analysts to determine the relationship between attitude 
and ability grouping "suggest that a 'combination of pupils'* attitudes t.owar,d 
the 'teacher, mathematics self -concept , and enjoyment of mathematics are cor- 
relates- of pupils' assigned ability level' in mathematics." The authprs statue 
that the correlation matrix "highlights the relationship between mathematics t 
self-concept and. anxiety toward mathematics (r - .40)* and also between mattv^. 
ematics self-concept and achievement in mathematics (r = -.30)*. As. self- 
concept decreases, anxiety 'increases (r = -.44)." Finally, as a result of 
the canonical correlation analysis used to compare attitude and ach'ievement . 
scores, the authors state that "measures of mathematics self-concept, anxiety,* 
and enjoyment are correlates of math achievement " (with canonical correlation's 
,of r - .44 in the first discriminant function and r = .18 in the second ^dis- 

. • • f 

criminant function*). * - . 

• • " \ ' ' % ■ 

5. - Interpretat ions 9 > 

The author^ c?aim. that the "general overlapping trend" of** mean self - 
* , * s * "* * 

■concept and anxiety scores across ability groups may be a result of, "the 

'learning context." fhat is, being a h low student in a high group "may raise 
anxiety, undermine self-concept, and thus affect achievement. n * The authors, . • 
suggest that this is. a reason for students "trying to tail"* in order to be 
placed in fa lower group* * s . * 

The authors further suggest that mathematics teachers 4 shOuld attend tfc 
"self-concept enhancement" and "anxiety reduction," that activities "per- 
ceived as more enjoyable might reduce anxiety," and that self ^concept improve- 
ment may aid anxiety, reduction. 'Based^on their findings, they also advocate 
that Special attention l>e devoted to students irr middle- level classes, >par- . 
ticulary to the "low-ranked" students in those classes. Finally, the authors * 



*Th^re is a discrepancy bj^ejen-'tfre' text and^he matrix table. See 
abstractor^ noj 
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claim that pupil attitudes .toward the teacher may be very important in 
forming pupil attitudes toward mathematics. 



— / 

Abstractor s Comments • • • 

. ~ — ~ — ; r~* . . . 

This study is related to the matrix of other studies which attempt to 
. relate # attitude antf achievement. In terms of thte conceptual contributions 
of- this* particular study, the authors came up with a number of statistically 
.signiMcanf conclusions; however, the practical s gnif icance- of these conclu- 
sions rau>Bt be questioned. A general difficulty l'ies in their synonymous . 
usagejTj^Yachievement" and "abilit*y»'^ which "is reflected in the above # descrip- 
tion of their study. A second problem comes in implications wh^ch may be* 
, drawn from a correlational analysis. The correlations are, in some cases, 
trivial and, ia all cases, not sufficient to imply^causal relationships. 
For instance', there is* certainly an important^ relationship between self- * 
concept and achievement ;^ but suggesting that teachers "attend to self-concept 
enhancement" is a little misleading. An example^jf a more specific concep- 
tual difficulty is the* attempt tor explain students 'who "try to* fail" in a°few 
sentences. Certainly^ more discussion is necessary to provide the basis for 
such claims. Finally, given the background research on attitudes and achieve- 
ment in mathematics mentioned intthe introduction, the "authors do little to 
compare'and contrast their results with the results of other Veseaijch, ^ # 

Methodologically , the authors might claim 1 that v the additional informa- . r 

tion £hey hive^provi^ed " in regard to the use of theTMAl is valuable, But $ ' 

this immediately brings up questions of validity and reliability. _JThe* authors 

t cho$e MAI because of the recommendation giv^i^HAXJs^^^en and because of 

MAI's multidimensional na^ture -S ^^t--^*T5l^h been helpful to have had more' 

informationre£*tftoTg~7he validity and reliability 6f t\\e instrument. In ad- 
^ - «. • * 

— dTtlon, the use of the previous year's CTBS scores' needs to "be explained fur- 

+ *' . 
ther,» expecially since the authors state that "the unit of 'analysis was abil- 
ity levels as they, currently 'existed!" « 

A number of ques\ioni must b*e raised about the- research design. First, 



the general izability of results depends on appropriate sampling procedure 
Although the sample represented "a mixture of socioeconomic backgrounds'," we 
must ask how representative the chosen suburban community is of other types 
of communities and how it was selected. In addition, we are not tolfi 
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*. t . •■ * •- •. N * 

, »• * • 

specifically whether all seventh graders from all Junior hi,gh schools in the 

, community were chosen^ or whether sampling was involved, within jthe population c 

df Seventh graders in theocommunity. ' * 9 

0 .There are* other "research design issues.* "Students were told to think * 

fc. ' * \ * * 

"only. of' their present mathematics class" on the MAI; more discussion about 

.< % ** * 

th^e rationale, and feasibility pf* this woufd have been helpful. On the ques^ 

tionnaires, the teachers recorded the ability level of each class as a whole. 

Are'there any possible problems in assuming these ratings would always be 

the same, as the general "district" determinations? Within-class ,g£puping$ 

were based on the ratings by the teachers of the^ three tyLghest and tjiree . 4 

lowest achieving students. What criteria*di<i different teachers us^fto make *\» 

* * s ° 

this, decision? The between-group decisions were based on relatively large v 

/ * & 6 ' 

group N s; the within-group decisipns were ,b&sed on N s for the low achieve-^ 

*raent^levels which^were much smaller than the middle achievement leve^L N's 1 .^ 5 ^ 

What effect did these group sizes Have on the results? Finally, w^ must ask- % 

how cfitical values for the significance tests wej^chosen, whether#decision£ 

' t ' ' « » * V 

were made before the tests were aone, and exactly what the significance tetftis^ 

* / * - ■ r / V 4 * • 

were. / *- 

Many of the research design prdblems may actually have been" problems* # 

the quality of- the written report. Much more discussion, especially of the \ \^ 

techniques of statistical analysis, would have been? vet y helpful. In add!- - ^. 

. tiony ref,errAig specifically to 9 the correlation matrix table, two is'sues * 

, , ' « * \ -4 

, exist. First, the enjoyment -of mathematics scale of the MAI correlates, sig- 

nificantly (p < .01) with all the o.ther MAI scales. This may say something 

• about the MAI generally, or it may lead to other discussion. Yet thiols* not . 

mentioned, in the text. .Second (as Was mentioned in the f inSings^sectioh).,' * k 
*» * << 

there is either a misprint or the authors misinterpreted their table." The 

correlation of ,40 mentioned in the text does not refer to the Relationship 

between delf -concept and anxiety as the .authors state, but to the relation- j_ 

<, ship "between self-concept and 'the total achievement score* on the CTBS. Sim- j * 
* ' . t • * ^ I* 

ilarly, the -.30 correlation refers to anxiety and* total achievement, notr^to J 

self -^concept* and* "achievement as the author^ state in cfie text. — ^ ^ 

' Some final comments must be made attJut the currejft state of research* in 

this area and about future ' research* It watfid seem ^hat the first major goal 

of this research would be to establish some sense of conceptual clarity. . # 

* ** ^ * ' • i * • 
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The discussion of attitudes and their relationship, to achievement is certainly 

important. . But^what aspects of this discussion require philosophical ^clari- 
fication rather -than clarification through research? What aspects of this ^ 
discussion can be translated into important, non-trivial research questions? 
This, it •s J eems > is the first majof - ""task of researchers working in this. area. 

% In terms of the research efforts themselves, more work is cert&nly nec- 
essary to develop valid an£ reliable instruments and techniques of measurement. 
Ethnographic case studies, ^ructured individual interviews, and the "met node 
clinique" may help to reformulate this area of research and direct it into 
^ more fruitful avenues of further research. 

_-=.-—" T * > 
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Co|*en, Martin P. and Walsh, Sister Margaret. THE EFFECTS OF INDIVIDUALIZED 
INSTRUCTION ON LEARNING ANfi RETENTION OF A GEOMETRY UNIT IN JUNIOR HIGH 
SCHOOL . ^International Journal of Mathematical Education in 'Science and 
Technology ^1: 41-44; January-March .1980. \ ' ' ~~ "~ 

Abstract and Comments prepared for I.M.E. by F. JOE CRO$SWHITE, 
The Ohio State University. 

V 

1. Purpose " * ' 4 
The purpose of this study was to test t^e relative ef f ectivenesss of 

two modes of e instruction — individualized and traditional — « for promoting 
learning and retention j*r selected geometrical concepts. * \ 

2. Rationale \ ^ 

Reviews pf liesearch on individualized instruction reveal conflicting 
results. t These may have evolved, in part, from the_use.of nonequi^alent 
control group designs within which experimental variables were inadequately 
controlled, fcso, the question x>f retention has not been adequately . - 
considered. - ^^^^ 
^ - *• - 

3. Research Design and 'Procedures j 

One hundred nineteen students efrom three seventh- and two eighth- grade 
classes homogeneously grouped by ability were randomly assigned by ability 
to either the individualized or ^traditional treatment. The individualized 
group employed a series of 20 SRA Computape lessons supplemented by work- 
sheets designed specifically for reinforcement and practice of basic concepts 
and sjtills in geometry. The individualized treatment emphasized small-group 
work as' well as independent work and sell-evaluation. The traditional* group 
lessons were primarily expository ai}d consisted of oral and written drill and 
♦required assignments from the textbook. The experiment consisted of five 
45-minute periods per week for approximately six weeks. One teacher handled 
the individualized ^roup and another the traditional group. „ An achievement 
test was administered .immediately following instruction and a retention test 
three^weeks later with no intervening instruction in geometry. # 

' v 

4. Findings • * «■ 

The* study found no significant differences due to mode of"instruction v s 
^and no interaction between ability and 1 mode of instruction for •'either the . 
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achievement or retention measures. , * 

5l • Interpretations ' . > 

** The authors identify the use of two teachers* a 'private schoo^."popu- . * 
la t ion, and student absenteeism as factors that may have limited or altered 
"tome of their conclusions. However, they feel the^ design and procedures 
(e.g., randomize^ equivalent controj. group, six-week duration*) and research 
strategies (e.g. , incorporating the variables of ability, the retention • 
measure) they employed represent fertile leads tor future research — and § 
Jthey suggest that other studies "may yet -demonstrate more 'clearly the effec- 
tiveness of^ Individualized instruction." 

Abstractor's Notes , 
iWauXhors appro pViateiy identify the use or* two different teachers — 
one for 1 the individualized group ,and-one for the traditional group — a£ a 
limiting factor in thei* study. Indeed it-fs! In the absence of significant 
differences, it might be easy to* overlook this severely limiting factor in 
the research. .Clearly differences in the teacher variable might foave been 
offered as an alternative explanation for any significant differences that 
might have been found .* It is surprising that those who try to b.e careful in 
other ways would not make some effort to control for the teacher variable. 
In the. absence of such control, any conclusiond^Sire suspect. 
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Davis, Robert; B. and McKnight, Curtis. THE INFLUENCE OF SEMANTIC CONSENT OH 
ALGORITHMIC BEHAVIOR, Journal of Mathematical Behavior 3: 39-89; Auturiln 

1^0, *\ ; ; 

: « tl, • . : 

Abs tract and. comments prepared for I.^.E. by THOMAS O'SHEA, 

$*mon FrasaV University., British Columbia. ' . ; ^ 



Purpose p - * 

"The central goal was to clarify the x notion of 'understanding*" (p., 39). 
This goal was pursued through the examination of students' thought processes 
^ in solving a single ^arithmetic task, that ^s , the subtraction problem ,^'^25 ' 



? 1 
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v v first, there is evidence that many elementarj^schoo^ students do not 

understand the arithmetit they arl studying. For example, one study -cited . . 
dealt with tfie inability of fir"th. graders* to shade squares on gjraph paper to 

,r - , « 0 . ' 4 

//j suggest the multiplication problem^ x 5. Second, there is a lack- 0/ agree-* 
, men£ on what it means to "understand" what, one is doing. To illustrate, the . 

correct application of the algorithm "invert and multiply" applied no the 
problem 1/3** 1/2 does not demonstrate an ability* t<f relate correctly the 
"real situation an^l mathematical representations of real situations. 
j» Tne authors belieW that: * 
~ Students need to learn to deal with mathematics in 

both of the two basic modes; ^* ^ 

1* as a meaningless set or symbols that are manipulated 
• , _ according to explicit ruJLes; 

•2. as -meaningful symbols, where the translation between , 
real-world problems and the abstract mathematical 
J * 1 representation of these problems is anie^ential, •^0»'« V ^ 

part of the task, (p.- 42) f " 

3. Research Design and Procedures 

During the school year 1979-80, third- and f ourtb-g-rade students in • 
«* * • , 

three schools were individually interviewed, the focus of ?each interview 

, >^ w w y 002 

beitjg the .child's attack on the subtraction problem 1 25 * Interviews * 

* wSre audio taped and each student's written work was preserved. Previously, 
" * • * • 

- r 

o ^ • ' * ' . 
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the researchers had found that the error which regularly recurred in this 
problem was: . - " ' »• 

5 M,ote 

' : : • i^n^ " ~~ s 

, . _ 5,087 ' * 

That is, students ignored the "middle zeroes" in the minuend when using ^he 
standard "borrowing" algorithm. : > ' ' 

The authors suggest that there are at least five areas of relevant know- 
ledge which should alert students to the likely presence of an error: 
1. Approximate size: an answer of 5,087 is incorrect because 7002 

less 25 should *»still b'e close to 7000. ■» 
T, Making change: if the numbers were interpreted as dollars it would 
^ j#t be fair to exchange a c one- thousand' dollar bi^f^or ten one- 
dollar bills. V 
c 3. Dienes f s MAS^hlocks,: ' if children have used MAB blocks they should 
> ,be aware of" what trade's necessarily 'must occur. 

4.. Easier number , heuristic: * if the child can solve a simpler subtrac- 

tion problem such as 702 - 5, the solution to 7002 *- <25 should follow. 
5. i^ent a 1 arithmetics procedures apart from the us"ual pencil-and-paper 
algorithm 0 may^be used. ?or example^, if. the child -is aware that 
7000 - 25 is 6975 then, in the case where we have 2 more/ the child 
should realize that 7002 - 25 = 6977. ■ , 
For each childfinterviewed.it was established that: * 

1. theostudent could subtract- correctly using the *standar^ algorithm, 
provided there were no zeroes in the minuend, and 

2. the student ^ade. the "skipping over zeroes" error in. the problem^ 
under investigation. - * ' * . _ " ' 

} - ft x 

Systematic exploration of the five relevant areas of krtowledge was car* 

< ' ' t 

ried out using" the following procedure: / 

1. Could the student deal with' similar problems with smaller numbers, 
' * for example, ?02 - 25? k If so,, did the student Wish to change 'the 
answer to the original problem? ' 
,2, The student was presented with ^ written' list of multiples of 1000, 
. ♦ '.from 1000 to 10,000, and was* asked whicji would be nearest to 7002 - 25. 
After consideration o£ size,, the* student was again given the option 
* * of changing the original answer. \ ^ A C 



3. The interviewer asked the student to solve £he problem mentally /and 
. tried to lead the student through a sequence of problems, such as 

9$^~ 3=?, 99-4=?,* 100 - 4 » ?, etc. If the student obtained 
^ * the correct answer to the problem in this way, he or s"he, was asked 
which answer was correct, the written ^one or the one obtained by 
mental arithmetic * #^?' «• ' V"' ' 

4. Did the student Understand money, particularly the exchange of one 
one-hundred dollar bill for f ten tens? The student was asked the rel- 
evance of this to the problem and whether he or she wished to work 

. . v 

further on the given problem. 

5. Was. the student familiar with* Dienes f s MAfe blocks? If so, the stu- 
j dent was asked to represent 7002 - 25 using the blocks. Then the 

. 1 - student was invited to revise the original solution if desired'. 

£. Findings ■ ' * 

* * > 

No student could use approximate size as an indicator that something 

had^feone wrong, ev«n after suggestions from the interviewer. None could see 
^the^ relevance of "making change" as a %uide Jto judging fhe correctness of « 
the" algorithm. Children showed considerable familiarity with MAB^blocks-, 
but did not apply this knowledge to recognize the subtraction error. No stu- 
dent could apply the easier number heurisitic. When asked to try the* prob- 
lem.in their head, all students initially envisaged the problem^using the 
same standard algorithm they would ordinarily wFlrre. * Children who correctly 
determined the answer mentally were aske*d to choose whicn answer wa^s correcf 
— the^wrltten gne or the mental one. Nearly all chose t/he written (incorrect) 

one. * . * r 

Overall, no student interviewed drew on any oi A&e relevant knowledge, 
or, as the authors put it, this "semantic knowj^tfge^, l^o correct the subtrac- 
tion algorithm. « 

Over half of the article is devoted to one specific interview with 
Marcia, a fourth-grade student who had been given remedial instruction by 
her teacher, to overcome this specif ic .problem. At points In the transcript 
the authors interject interpretations of the child's thinking patterns as she 
struggles with each of the five areas of relevant knowledge. 

** * ^ 

da 
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5. Interpretations * 

+ The authors pofnt out that Marcia was quick and accurate in arithmetic 
♦facts, that she hac} h!a.d e'xperience with MAB blocks, and that,* in general, 
# .her*use df standard algprithms was accurate^ and reliable. They consider her 
typical of the fourth-grade students in her school, and maintain^ that her 
error of "skipping over 'intermediate zeroes" is entirely typical of fourth „ 
gradars. On this particular task, there is no effect of semantic knowledge 
<4n algorithmic behavior*,! & - , 

The authors suggest that remediation for this specific problem requires 

> * , Pt? f * ' ' * r' 

.•that the algorithm be drawn out of manipulation of the MAB" blocks. The . 
55 ; %5 * ro- 

dent can then be showft^exactly where and why her algorithm is^£lawe4^. Fi- 
nally, the authors would instruct her specifically in using relevant know- 
ledge to guide her*work with algorithms. . . 

The authors^sjtjggest that movements sucH,as *"back to basics" and computed 



assisted instruction in the formipf "drill and practice may ultimately prove 
'harmful; * . >; 

* They^seek to 4m{frove student performance by simpli£ica- 

t ion — but the simplification they seek may leave large 
numbers of Students with impoverished cognitive resources 
^ ' that will handicap them 'in the long run , (p. f8, italics 
.in original* 

$f . 

, • . • " , 

Abstractor's Comments ' . 

' . . m 

I 'approached the. task of abstracting this article with feelings of trep- 

idation on two accounts. The first was the length of the article — fifty 
pages. Happily, the*ciarity of the authors 1 writing style and the lack of 
jargon alleviated this problem considerably. I was quickly drawn to the es- 
sence. a£ the problem. and followed the interview with Marcia with a great 
deal of interest. It is a pleasure to read a research article without having 
to analyze .each^ sentence to determine what exactly the author is trying to 
say. k, V V* ' • " ' ' 

3 The second doubt* stemmed from the^faet^that over half the article con- 
sists_o£,a transcript of an extensile interview with one of tlia, students./" 
In such a case, one is immediately at ,a jcfisadyantage in critiquing the design 
of the study. What ia there to critique? In this particular ^c^se', my main 
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concern is that, although the authors took pains to point out that t;hey could 
not generalize to other schools, they do intimate their findings apply tqja 
much broader population. They state: 'iWe have, however, worked with a few 
children from three other schoqls, representing a total of thr*e different 

* school systems , and see only unimportant variations^fn the key phenomenon 
we wish to report" (p. 75). Since the authors 0 use their findings to reach a" 
rather serious indictment of the. entire pedagogical program, the\numbers in- 
terviewed in Marcia's school and in the Others would help one to judge how 
powerful tjheir inductive argument might be. 

The findings are disturbing. Children of this age working on this par- 
ticular problem cannot bring knowledge outside of the standard algorithm to 
bear when, in a sense, the algorithm is pushed to its limit, or perhaps more' 
accurately, *when the student is pushed to the limit in applying the algorithm. 
But, before we despair, more investigation needs to be done. For example, 
the authors point out that the idea of approximate size of numbers may not 
be. useful to children 9 of this age since they may not have enough experience 
with the size^ of la^ge numbers to be able to apply the knowledge appropri- - 
ately< Then, the question arises: would older students be able^to make ef- 
fective use of <his type of "semantic knowledge"? Is there a developmental * 
aspect which woui^ alleviate the problem through the passage of time? A 

- similar study cutting across the intermediate grades would indicate whether 

-an6 to what degree the phenomenon ""persists. . 

Immediately following the article "is an editorial no^ej containing im- 
plications based on this article and two other reports. The suggestion is 
made that "^correct answers written on paper cannot be taken as conclusive 
evidence of learning" (p. 88). Reactions to such a statement will differ ac- 
cording to the role of the reade* in the educational* system. Mathematics ed>- 
ucators may react by concurring, and .arguing that in the best of all possible 
worlds students should be able to carry out calculations quickly and accu- 
rately, and understand exactly what they are doing at each step. School 
classroom personnel, on the other, hand, may be" dismayed to find -that, even 
though their slludeXts have all the external trappings "of knowledge, they are 
beings asked for much more from their students and from themselves. 
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jlibbelink, Wilfiam H. and Witzenberg, Harvey G. A COMPARISON OF TWO METHODS 
*FOR TEACHING YOUNGJJR CHILDREN TO TELL 1 TIME. School Science and Mathematics 
81: 429-435; May^June 198JL&*£ 

Abstract and comments prepared for I.M.E. by GAIL* SPITLER, * 
University of British Columbia. 



1. Purpose fc 

Two instructional strategies for teaching youngsters to read a circular 
clock face" were compared. The two instructional strategies being compared 
are. referred to as Methods A and B. Method A "followed the traditional 
sequence: telling time on the hour", on the half hour, on the ^quarter hour,. 
on*the five minute readings and finally*on any reading" (p. 429). Method' B 
followed the sequence: on or after the hour using only the hour-hand, read- 
ing any minute where a rim with each minute marked circumscribed the regular 
clock face, reading any minute where a rim with each five-minute interval 
marked circumscribed the clock face, and, finally, reading any 'time witfc no 
minute marks" numbered. • 

2. Rationale * * J 

" Reading a clock face is*an important skill which is often ignored in 
the present curriculum'. Despite the fact that most peopVe do learn to fc 
read a clock at. one time or another, the problem for mathematics educator's 
is to find the strategy by which this skill is acquired efficiently . As 
the circular clock will continue to exist along side digital .clock faces, 
the reading of the circiifar face remains ari important skill. Further, it is 
argued that the . "Time-distance feature built into the regular clock is 
psychologically, significant and may explain why many adults prefer it over 
a digital time piece" (p. 431). . * . * 



3'. H Research Design and Procedures ' ^ " 

After completing three pilot studies, the main study was undertaken. 
Six^ grade two classrooms from similar middle-class areas were used in the c 
main comparison. * One class in the^ first school was assigned Method A and 
the/other two classes, Mathod B; the opposite assignment was used in the 
otbe^ school. • The instruction occurred over, eight days, about, half an 
fiour a day. k pretest .was administered* the day previous to the' commencement" 
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of the instruction and a posttest the day after the instruction terminated. 
M Both*tests contained 28 items requiring children to record the time shown 
byi^clock, 14 items with" minute reading a multiple of five and 14 items 
with minute reading not a multiple of five" (p. 432). 

Data from twa other groups were also collected. One group was composed 
, of two grade two classrooms in which 2 to 4 instructional periods followed 
the instructional sequence of a textbook. The fourth group was a second- 
grade class of learning disabled students where the instructional sequence 
followed was Method B. 

Tq control, the "teacher variable", very detailed lesson plans, scripts, 

i \ « 

.and equivalent story lines, which were used to»motivate the unit, were 

9 ^ * 
developed. • 

♦ 

4. Findings 

ANCOVA using the pretest scores to adjust 'the posttest scores revealed 
that Group B (Method B) outperformed Group A (Method A) (p < .06) . Further 
analysis of the data revealed that the difference between the two groups ^was 
4 specifically due to differences on items for which the reading was not a 
multiple of five (p < .01). "Boys did better than girls for both methods 4 , 
with p< .01 for the posttest for^Method B" (p. 433)'. No differences were 
found among high, middle, and low mathematical ability groups. 

v. , > . 

■ 5* Interpretations 

Based upon the results of the, three pilot, studies and the results 
reported here, the authors conclude that Method B t ,should fee t^ instructional * 
strategy employed^ for teas^iitg^cliiidren to"reafr ¥ the circular clock face until 
a more effective strategy can be found. Specif ically the recommended — 
sequence is a slightly altered version of Method B so as to include telling 
time on the half hour and quarter hour.^ 

* - : Abstractor's Comments 

The authors are to be commended forest udy in g an area of the curriculum 
which is too often ignored. While the telling of time seems to, be signifi- 
cant to both parents and teachers, it has largely been ignored' b v y researchers. 
The. article outlines an interesting and creative approach to the problem-. * 
In addition i tha article may swerve as food for thought for others who wish 

.0 • ■■ - ' 
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to study this area. Certainly the "traditional" approach to ^the teaching 

of clock reading is fraughp vith logical inconsistencies. For example, 

the traditional instructional sequence begins- with the hour as tfce basic 

unit of measure and then deals with fractions of that unit- often before • 

• * *' • 

children have the appropriate* fraction concepts. We -dlso include "before" 

and "after the hbur" at the same time, »tnus asking youngsters? to, read back- 

wards on a dial which never operates with a backward motion. Next, the 

"traditional" approach may examitfe r.eading the minutes which are multiples 

of five. At this stage we have changed the basic unit *of measure from the 

j " • ' 4 

hour to the minute, but*we do not deal with the minute Rer se, only -with 

sets of five minutes. "Finally, the sequence conciudes\vith reading any 

minute, which was surely one of our main objectives in -the* first place. 1 

Entirely left out of the "traditional" sequence are all of the other "befor^ 

the hour" readings; for example, 8:53 is 7 minutes before 9. filearly, a 

more consistent approach can and should be developed/ Hibbelink and Witzen- 

V 

berg may have developed such an approach, but they have not presented a 
convincing argument for the superiority of Method B over the traditional 
method. v ' 

In attempting to convince tjie reader of the efficacy of Method the 
authors have employed a standard 'experimental paradigm. However, as an 
experimental spudy this work has overwhelming shortcomings. Generally, it 
is unfortunate that much curriculum development activity cannot find its 
way to publication unless it is framed as an experimental study, a form 
v .which seems particularly inappropriate for r" eport ing^ the insights gained as 

one carefully and thoughtfully develops instructional materials, strategies, 

* i » 

and sequences. . - e 

As an experimental study, the major weakness^ lies in the fact th£t* the 

posttest which is the measure of the effectiveness of" the treatments is not 

* S 
a fair measure of the two treatments. Recall that the posttest contained 

14 items requiring the children -to wrmKa clock .set at a minute whicfy was , 

not a multiple^ of five and' 14 itemsVin whi^h.ihe minute was a multiple of 

five.* The rationale for these two •seYeof lying ic-.no t supplied in the 

aVticle. Surely; if one can^read any miSutB, then one can read mjtnutes 

jwjiich areriaul titles of f lye, -which ^Ls substantiated \fc the data in that both 



groups .averaged about 12 <on the 14 items "related to reacting a multiple. of~~ 
five* Als§ recall that the significant difference' on the posttest resulted 



from the fact that Group B children were better able to read .minutes 
, , . ' > i ' » — 

which were not multiples of five. /*~**~' 

* " * *" a r * - 

0 - The unstated model of efficiency used by , the authors!*? 

« % 

•JP^ Efficiency * content taught or learned ^ / * 

. time for instruction * 4 

which requires that one experimentally " control the equivalence of either the 

numerator or denominator of this ratio.. In this particular study, neither 

can he "considered to be equivalent. Consider the. content taught in each 

method; . ' J* ~* * 

i" ~ ~ a 

J Method A ^ Method g 

Jelling time: a ' . T^llirfg time: 

' 1) On^ the hour 1) On the hour or'after the hour 

2) /On the half hour . 2) On any reading with each minute 

marked 

3) ' On the quarter hour 9 3) On any reading with only 

five-minute marks 

:* 4> On the five-minute A) On any reading. with no 1 

reading minute marks 

5) On any reading 0 * 

If wef assume that the instrucjtional 'time was controlled^then the "content 

taught is hot equivalent in that the students were not, tested on their 

ability to tell time on the half or quarter hour, 'topics which were part of 

Method A. Alternatively, if we assume that the content taught (and tested) 

was controlled, then the instructional times devoted to t the content of. the 

of the posttest are not equivalent, the authors admit, "Method A devoted 

relatively more time to minute readings^ which were multiples of £Lve, while 

Method B 'devoted relatively more time to minuter readings which were hot 4 

* \ 
multiples of five" (p. A33) . It can be argued that the students in Group B 

had significantly more instructional 4 time devoted to the content of the 

posttest, a difference which is further heightened since skill of reading 

tdme to any minute subsumes" reading multiples of five, while 

the converse is not true. Since the authors have«chosen to use the ratio 

referred to above as their motie^ for efficiency, and since neither the 

numerator or denominator can tfe considered equivalent , they cannot claim 
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•Peck, Donald M. and Jencks, Stanley M. CONCEPTUAL ISSUES IN THE TEACHING 
ASID. LEAI&ING OF FRACTIONS. Journal fir Research In Mathematics Education 
12:' 339-348; 'November 1981. 



**Abatract and comments prepared for I.M.E. by DONALD J. DESSART, 
The University of„ Tennessee, Knopcvifle. , 
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Hundreds of children in grades 6, 7, and 9 were interviewed for the 
purpose of determining the extent of 'their conceptual understandings of 
fractions. A sample of 20 of tfiese students was^seaecte^ at random from 
60 .students Of a typical sixth grade . The records of^he^ interviews of these 
. 20^udents were summarized and reported in this article. 

2. Rationale • • • t fc 

Clinical studies in which researchers emphasize* the qualitative aspects 
- of the observations of children working mathematically over the statistical 
aspects has gained popularity in recent years. Such studies are extremely % 
time-consuming/ but often provide insights that might be investigated at a 
later time a/d on a w^der scale using a more complex statistical design. - 

3. >^ \Re search Design and Procedures 
Xhfe 45-minute* interviews of the children which were videotaped consi"s\ed 

of two parts. During the first part, which lasted about 20 to 2 # 5 minutes,, 
the children worked with physical materials for the purpose of acclimating 
them to the/Interview process, Thfs activity consisted of multiplication ^ 
exercises with whole numbers^uslng graph paper and paper strips. One of the : 
pamper strips represented a 'multiplier , the second stx^V represented the other 
multiplier, w and the area thus included represented the product. Of the 3 20 
children interviewed, 19 of them were able to determine products using this 
procedure. 

This initial activity was followed by a discussion of fractions in which 
each. child 'was requested ,f to show what*' simple fractions, such as 1/3,^ 1/4, or 
2/5 would look like" (p. 339). Following their responses to tflisnraestion, 
the children were asked to compare fractions, %o add f ract ions, m and ^to explain 
the rationale for their action's. On some occasions, questions" were atsir 



asked about other operations w^th fractions. 
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4. Findings 

Each .Child was asked to draw sketches'pf the* fractions l/2,..l/3^ and 1/4. 
Of the* 20 children, niie arew appropriate pictures (usually circles or pies) 
an4 11 were unable to draw correct sketches. ^ Of .these 11, all understood ^ 
that the sketch involved- snowing that* an object 'should be subdivided^ into 
a number of pieces corresponding to the denominator of the ^xac^tibn, but * 
they didn't indicate that the pieces should be of the ^ame size.-*. ~* 

^* Of these 11 students, only two were able' to compare fracdi^ns using a 
rule. However* these'two were unable to delate the results of the*ru^le to 
sketches. Of the same 1*1 students, four were able to use* correctly the common 
denomihator*=*iethod of adding fractions, but tffey could not rationalize the 
method. The remaining seven students misapplied rules for addition of" frac- 
tions in a variety of ways (e.g., 2/5 + 1/3 ■ 3/8). 

Df the nine^tudents who drew appropriate sketches of fractions, four ' 
were unable to compare fractions and were also unable to use sketches of , 
fractions to help in the ad^ition^of fractions.^ ♦The most common error was , 
of the type, ^/3 : + t/4 » 3/7. ' - ^ 

Of the nine students who drew appropriate sketches of fractions) five 
students were* able to compare fractions correctly by both sketches and rules. 
Of these five students, two Were able to-<add d f ractions using bo£h rules and 
sketches and three were able to add^ractions using the' common denominator " • 
rule, but w£rV unable to justify the rule with sketches. 
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\.* ^ /Interpretations m . * 

The researchers emphasized the following conclusions of thedr study: 

v * * * ♦ * 

a. Nearly all , of the children related a fraction to the subdivision * 

of an object into a number of parts -corresponding, to the denominator of , the 
^fraction, but.fewe~r* than half realized that the parts should be of equal si^e^ 

b. tfost students -ased pies or' circles as the, object To be; subdivided/. % 

c. -ManyVcftildren did not relate operations with fractions to- the w 
manipulation of physical materials in their environment. ; . * 

d. " Many children gave correct examples of specific fractions, but could 
not generalize t£e .meaning of fractions; e/g., they could sketch J./2 or 3/4, 

but not 3/5. ' " ' . I * ' ~ ~ 

* e. Many children^who did not understand alfeeneralized concept of 
fraction were~ unable to operate with fractions, l%c. * perform comparisons/and ^ 
addition of fractions. * ' 1 
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f. Almost all students were rule-oriented; that is, th#y searched 
for rules -to apply in operating with fractions, but they seldom were able to 
justify the use of these rubles* using physical materials. 



Abstractor's Comments 



Clinical studies' often* uncover facets of children's knowledge that can 
seldom be rf obtained in other waysl and thus the pursuit of such studies should 
be encouraged. This particular $tudy involved hundreds of videotaped inter- 



S 

^ views. It"" seems clear that a short journal article can hardly do justice to 
ttte hours of observations by the researchers. Nevertheless, based upon the 
report, a number of questions seem to arise. Perhaps, a these questions were 
dealt with ^rnore adequately in the more complete report. f 

First, there is the problem of the adequacy of the questions to elicit 
from* the student s "their actual knowledge. For example, if a student ^s 
* asked "... to show what simple fractions ... look li^e" (p. 3^9), he or she 
might be very perplexed as to what is an adequate response. Should one respond 
w with a picture, a fractional numeral, an operation, or what? 

- Furthermore, we should be critical- of children's over-reliance upon 
rule-oriented behavior. But, oh the other hand,* if abstract questions are 
posed, then abstract responses seem appropriate. One might wonder what the 
responses of^the children wbuld have been had' they been presented a concrete 
situation calling for the use of fractions. For example, if an actual pie 
were brought into 'the interview room*with five children presented one of the 
students was asked to cut the pie ^o that eactx-oilld received the same amount 

* of pie, one^mighf wonder if the responses of £he children would have \>een 
different. Following the cutting of ttte pie,, one might ask, "What fraction 
of the^ie^did Jane receive? What part did Dan and Jane together receive?" 
Furthermore, if "one pie were given to Dan, Jane, and Bill and another to John 

^and Sue, would Dan or tfould Sue c receive^thie larger p^ece? 

The relationships of the responses of the children during the interviews 
to their responses on written achievement tests might be revealing. Even 
graduate students complain of "stage fright" during oral examinations that 
doesn l t seem to be present during written examinations. °The interview process 
can be threatening in spite, of the conscientious efforts of interviewers to 
relax- their subjects. 



\ 



ERJC • 37 



35 



I 



s ion 



The auth6rs* conclusion that children should ^be exposed to more instruc- 
tion involving physical materials is a sound one whether or not it is justified 
by this study. The u%e of Cuisenaire rods, pattern blocks, base ten l^Locks, 
the* classroom clock, money, and other materials of the children's environment* 
are essential to effective instruction on fractions. Unfortunately, their 
use is probably neglected in many classroom learning situations. 
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Pennington, Bruce F. ; Wallach, Lise; and Wallach, Michael A. NONcdNSERVER£ ' 
USE AND UNDERSTANDING QF NUMBER AND ARITHMETIC. .Genetic Psychology' Monographs 
101: 231-243; May J 980.' ' ; 

\ * 4 
Abstract prepared* for I.M.E. by JOE DAN AUSTIN, 
Rice University. ■ 

Comments prepared for I.M.E. by JOE DAN AUSTIN and by ^IGRID WAGNER, 
Tt\e University of Georgia. 

1. Purpose ^ 

The study "attempts to asses^s-the^Implications ot%onconservation [of 
number]' f or {a child's use and understanding of number and arithmetic" (p. 735). 

• -v - ' . \ '.: '■ ' : 

2^ Rationale — * j ~ » 

' Perhaps one of the mo'st widely held belief^ about a child's understanding 
/ of number seems to be^that when a child fails on Piagetian conservation of 
'number tasks, the child cannot meaningfully understand counting and arithmetic. 
Thus, it seems logical and is often argued that instruction in arithmetic 
should be delayed 4£til the child has mastered conservation of number. 
Several research s'^ifes have tended ^tp^support the belief in the central role" 
Of conservation of number for understanding arithmetic. These studies tend, 
to show that while none onser vers may demonstrate some paper-*nd-pencil / 
proficiency in arithmetic, they usually have a "very limited ability to 
understand* or apply the knowledge to physical situations. However, some 
research suggests that conse*rvers and nonconservers seem to profit equally 
from arithmetic instruction e^en when the child's ability to apply arithmetic 
knowledge to physical situations is considered. Thus, there is a need to 
study ;tn more detail' how fundamental conservation of number is to a child's 
understanding of number and arithmetic. ^ 

" • i 

, 3. ' Research Design and Procedures 

The sample for this study coK^istecf of 130 third graders from relatively^ 
disadvantaged areas.. The students we're mainly* black and from lower income 
families. ^ The students were from two schools, one rural ah$i one city. 

To insure that all students understood* the relational terms "used in the 
^conservation tasks, an initial screening task was given. Students simultane- 
ously placed one bead in one jar and one bead -in a second far. Students were 

* included in the sample only if |hey knew there were tfee same numbers of, beads 
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in each *jar ^eve* though the beads in the jars could^not be seen, could „^ 
justify" that the numbers of beads were the same, ai^d could make a specified 
jar have more beads than the other- j'ar^L 

To determine which children coufd conserve number, two parallel rows, 
each with 13 beads, were placed in front of ^ child, with the beads JLn the . 
rows lined" up opposite ^to show one-to-one correspondence. After agreeing 
that; the two rows had the same number of beads, the child watched as the * 
experimenter lengthened - one row by spreading out the beads. The child was 
asked if there was now the same number of beads in each row* If the child 
said there was still thji s^ame number in each row and could justify this answer, < 
the child was classified as a conserver. If unable to do this task, the child 
was re tested another day. If the child failed the task the second,, time, he 
or she was classified as a nonconserver. If the child passed the task the 
second time it was administered,^ or she was felassi&Led as an equivocal 
nonconserver. * „ 

The noncon servers were given additional conservation and counting tasks. 
Some conservation tasks attempted to minimize the, visual conflicts; e.g., 
using one row of beads or moving the beads but keeping the length of the 
row the same. Both conservers and nonconserver s were given a 30-item paper- 
and-pencil test on addition, subtraction, and multiplication. Each child In 
the two groups was given problems with physical objects, using problems 
correctly solved on the paper-and-pencil test Bk the student. These problems 
attempted to assess whether the Jhild understooa additlon^nd subtraction in \ 
physical situations. The equivocal nonconservers. were given no tests other 
than the Screening task and the Conservation of Number task. 

4. Findings 

s °* . ' 

Seven of the .original 130 students failed the Screening task and were 

deleted. From the Conservation of Number task, there were 45 rjonconservers, 

12 equivocal nonconservers, and 66 conservers A 0 

When only o,rie row of 13 beaftls was used and then lengthened, 19 of the « 

45 nonconservers failed to know that the row still haS^he same number of 

beads. 4 When beads in the^ one row were moved but the length was 5 npt changed, 

the number of failures was. ^r educed to 10J^ When the experimenter did the same 

experiment but used "counted number" instead of "same number^, only 3 children 

failed to conserve. • * - - 

% . t * t — — 

* t " 

- w > 
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S In the Static Cgunted Row task, children were to count two fixed row$ 

of circles, and answer whether the rows had the v same number of circles. 
*Lengths of the* two rows wejre equal only when the rows had an unequal number 
of circles. Eleven o£ the 45 nonconservers answered in ways that contradicted" * 
their counting, i^owever, of the 11 most made only one such error. 

* On the paper^and-pencil computaticm test, the itemconservers 4iad s^gnifi- 

i cantly fewer corredt answers (X =» 20.6) than did the conservers (X * 22.9) 

" at the 0.01 lev£f. However, the difference in the two averages was less than 
• i • — _ - • * 

the differences between the $±Cy <X 23.5) and rural (X ■ 20.6) children. 

* e 

Impressionistic data indicated no differences between the conservers and non- 
conservers in their use of finger counting and other tally systems and in use 
of carrying and jjorro'wing. "Conservers and nonconservers hgnce a*id not 
differ •qualitatively either their ability to Use more abstract computational 
1 procedures or in^tljeir need^ t*o rely on concrete tallies 1 ' (p v 240). 

To measure Vhe,then a child understood addition and subtraction problems 
that were* correcfrlyfsolved on* the pehcil-and-paper test, two addition and two 
subtraction tasks were given. The results were as follows: , 

' • J 

• f ( 4 * Addition Subtraction - 

t • Pass Pass Passu Pass Tass v Pass 

Group ' " both ofce 'neither both one neither 

' . Nonconservers (N*« 45). 33 .7 5 »35 > 4 6 

Conservers (N « 66), 60; 4' 2 \ * 51 1 2* 

/• > % '^m- - » # 

The "vast majority of nonconservers performed very well" (p. 240) on the addition 

and subtraction tasks. Significant differences favored the conservers on the 

* 2 

addition 4 tasks (X » 4.86, p <C .QS). No significant differences were found on 
the subtraction tasks (% 2 - .85, .30^^ < .50). «. " \ , 

5-. In t erpre ta&ion s * — - 

, The results of tj*is study indicate that ^nonconservers do have some* problems* 
with number and arithmetic, especially „ when conflicting clues are present. 
HoweveJ:, "they can still have a^very serviceable understanding^ of number and 
arithme*rtcT*^frull conservation ^of number 6$ recognition of, invar iance is, ' * 
thus, not a fundamental porner^tone for mathematical development. Its impor- 
tance would seam to have been considerably exaggerated* oyer the lastf.two 
" dectfdeV*(p. 241). . * > * 
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v " * ' * ' Abstractor's Comments (1) * » 

This is a very interesting study on a question of fundamental impor- 
tance to any classroom application of Pia get's theory of number,, namely, 
how fundamental is conservation of number to %. child's understanding of 1 
arithmetic. Logically, it seems that this is fundamental , .but do the empiri- 
cal -data support this logic? «. * 

The study has several important positive aspects. The authors present 1 
a very nice literature review and argument against the view that conservation 
is fundamental to a child's understanding of any arithmetic instruction. It 
also seems a plus that= two repeated t,estlngs4were made before labeling "a child ^ 
a nonconserver . Such a procedure would* seem to give some evidence on the* ° ! 
reliability of the classification procedure., Also, the variety of tasks used 
' in the sfcudy was very nice. Some tasks also replicated some previous research. 
This reviewer had several questions about the research study that seem 
likely to he important when interpreting the results. tThese questions* include * 
the following: 

1. ' On the conservation task, why Were not con servers Rested* -twice? .If / r 
equivocal nonconservers could 4irst fail and theti pass the task, could not / 
some students labeled con server s^rst pass and then fail the task? Such % ' 

, testing might make the differences .between conservers and nonconservers clearest.^ 

2. For the 30-item computation test, what was the reliability? Was this 

a multiple-choice test? W^|Iie;|^s^ timed? V : :/c , ' % , , 

3. On the conservation tasks *us£iig only one fovrbf beads, were, all 45 
nonconservers given each of the tasks Or only tno.se , '19 nonconservers who 

failed , to* conserve when one row oj^ beads was lengthened? * , , ^\ 

w r 4.* Ori the Static Counted Rows tasks/ how many such tasks were given? 
Knowing that most (how many?) of .the 11^ nonconservers who failed these tasks * \ 
only massed oqe stask.%is insufficient information,- v • 

For the statistical analyses reported, it^seems hard to view the analyses H 
as not supporting the case that conservation of number strongly relates to 
m computational ability. Two*o£ the v three statistical tests fch^it compare con- 
servers and nonconservers are significant and favor the conservers! ,The author's 
attempt to explain away the computational ^test significance using city and urban 
school data and impressionistic data would har&ly seem to justify, why xhe : 
statistical t^est was ^ven none. ' ' s \j$ ' . <r % * 



' Anally, it wouid be nice to have a more composite picture^of the noncon- 

servers 1 responses. For example,* some nonconservers pass one task and some 

£ pass another. 'How frany nonconservers pass both tasks? . . 

In spite of ttiese comments, the authors make an ^important poirtt concerning 

the relation, of conservation ofc number to a child's understanding o?f arithme- #< 

tic. Specifically, if there are nonconservers who can do and meaningfully 

understand arithmetic* tasks, then these nonconservers would seem to negate 

* at^least in part the argument that no -arithmetic instruction should be given 

nonconservers. , • 

' • v 4 '. " «* \. ^ ^ - 

This reviewer feels that .this study should be read and replicated. ^Lt 
** * 
raises some interesting questions', that would seem to. require additional - 

research. For example, if nonconservers can master and understand arithmetic 

tasks, how should arithmetic instruction be modtfiea for the^ children? 

Does this instruction do better than providing experiences that will help 

t»he child develop first a conservation of number? The stu&y raises some 

important issues and questions. Additional research would, nowever, seem 

necessary before the resolution of these issues will. tie possible. 

9 „ * * Joe Dan Austin 

v ' \ ~» . m 

- . A ' ^ 

, ^ Abstractor's Comments (2) 

^ This article reports an interesting study .'with a thought -provoking 

^rationale. The authors have transcended the old chicken/egg debate over 

which should first — skill or understanding — and have conjectured that % 

children wtjo fail to conserve number may, nevertheless, exhibit a fairly 

sophisticated understanding ,of the f concept ofc number .simply ^because their 

system of logic differs from that of an adult. „ The authors essentially 

reiterate this idea when. they further -observe that a, foundational analysis of 

concepts may yield structures very different from the mental structures that 

w * ' * v ' ' , * .• 

evolve .in the course of development. * * * A > - 

-vf. .« v* ^ 

. Their point is ^an. important* one, and it is entirely consonant witfy the 
'* ' , * ~ % * £ 

Piagetian theory which serves as a backdrop to their studv. Somewhat ironi- ^ s 

cajly, it is 'this same point which suggests* 1 that implications of p'iaget's \ 

findings for mathematics^ teaching should not be overdrawn, because Piaget's 

tasks .are-J^ased to such a large extent, on- a logical analysis of content st*uc- 

» frure.. . «The authors of this paper implicitly acknowledge this latter^observa- 

• •* '» -* * • -» « * . 

tfion in their discussion of t conservat^on tasks, when they contrast the kinds 
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of transformations that occur in conservation tasks with the kinds of 

transformations that occur in the context o^f simple arithmetic operations. 
' • ' * \ 

True conservation tasks involve the transformation of an irrelevant, but 

^ potentially relevant, attribute to ^produce a "conflicting cue", as the 

authors call it . ' , Certainly , conservation tasks measure an aspect of the , 

understanding of a concent, if understand infe is. assumed to imply comprehension 

of the, language typically used relative to the concept. But, conservation 

• * tasks may measure such^ depth of understanding that failure to conserve may 
^ * 'v e 

not directly interfere with performance on tasks that involve more ordinary 

■ > . •. 

,kinds of transformations'. f * 

The purpose of the reported- study was to s^ow th^at children who do not % 

conserve number may stilly have some understanding o& v number 'concepts and may 

be able to* apply this<ainder standing in concrete situations. 1 The autfiors 1 

results we£e not strong, and it*would have beeji.better to match the conserving 

and noncon servings groups or\ general ability in otfder to i nullify the effect of 

the ability factor ks.much as possible. Nevertheless, several of the tasks , 

were, interesting, and some of the results' were intrigu^j|j|; - The authors 1 

. ^primary contribution, however, resides in their basic premises. 

* ' '* *$igrid Wagner 



Sdhtedler, James. A COMPARISON OF THE USE OF ACTIVE GAME LEARNING WITH 
A CONVENTIONAL TEACHING APPROACH IN THE DEVELOPMENT OF CONCEPTS IN GEOMETRY 
AND MEASUREMENT AT THE SECOND GRADE LEVEL. School Science and Mathematics 
81: 365-370; May-June 1981. ' \ ~ \ ' 



Abstracts and>comments prepared for'l.M.E, by EDWARD J. DAVIS, * • 

The University of Georgia. K " ** , 4 ' 

1. Purpose 

This study compared ^the,, effectiveness of an active game teaching strategy 

- ' \* "* * 

with a conventional teaching strategy^. 



2<. t Rationales. - 
— » ' ft 

Many elementary schools usejan adopted mathematics textbook. .This book, 

Ll * 

*in many cases, becomes the cur riculum?* J Jojej?_th_i& havp to^^-he case? 
Can students learn as much or~mbxe rrom^pproaehes besidest^liov?ing the 
teachers manual? In particular* .does, the medium of ^active game-s^ and ifrove- * 
ment experiences provide a viable alternative to closely following a com-\ 

^mercial text and/using its 1 suggestions for manipulatives and practice? 

f" ; ' 

3. Research Design and Procedures 

All second-grade children at an elementary school comprised the popular* 

tion. -They were divided into 8 groups." * ' * v ^ #f / 

Groups 1 and 2 were taught, using Method 1 (following* the teacher's guide 
*** . ^ _ 5,-^ — / 

for a commercial text) and also using Method 2 (active ^games - movement , 

, „ » ^k' % - / 

experiences). ■ << 3 » 1 / 

Groups 3 and 4 were control groups - no content in the study was taught 
to them. 3% \ e / 

Group 8 5 and' 6 were taught using Method 1. 

Groups V and 8 were taught using Method 2. 

The treatment' consisted of 15 daily lessons. The cont&Vit was Chapter 3 
of the 1972 edit$jj£ o£ the second-grade text published by Houghton Mifflin 
Company. Chapter J deals with lines, curves, points, line segments; linear 
measurement, time, liquid measurement, sets, and* the fraction one-half. . v 

Method 1 followed the specifications in the teacher's manual/as closely 
as^possible ; this included use of manipulative materials, workbook pages K 
->and a Review, ^ests developed by Houghton Mifflin for. this chapter were used 

as pretests, post tests, an$J/a retention, test six weeks later. 

• . . • * - ***** • 
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4 . Findings »^ ~ 

There were no significant (differences between the mean achievement 

scores on the commercially developed tests between the^ groups*of children 

• * ' *' •» 

taught by Method 1 and those taught by Method 2. Chilean taught >y -Methods 

1 and 2 did have significantly higher achievement *seores than children .in » 

> ^ . rf\! 

the control groups. Th*se> findings held tor both posttest and retention " 

test scores. . , >"•'«* 

5. Interpretations • ^ 

"The hypothesis that there was no difference between the mea*n scores of* 
the two /treatment groups wag "accepted at: the .01 level ^f confidence. 

Hbwever, the author feeis^nat one must interpret this as*a plus for the 



active game approach — it is at least as effective as conventional ins true- 

tiqn^V 'As additional evidence supporting some continued use of the active game 

medium, he ppints %o the enthusiasm of the studeiits and teachers \h ,th% fcame 

* \ 
medium. And also to the fact that the actual mean gain scores g*c?m pre- to 

■ ^ ••-la «- 

postte^tlng for the game group were slightly higher than £he" mean gain scores 
of 'the conventional group'. 3 

• Abstractor's Comments 
It seems relevant to pose some questions at this point: * * 

• Would an active (movement -oriented) game approach work just as wel^ 

for a unit of work that was not predominately^ geometric in nature?, * 

• How much of a positive influence did the novelty of a game ^approach " 

have? Would this influence wane 6 ? ~ • * 

^ • Were the students, randomly assigned to treatment groups and 

w . * 
how many students were in each group? » 

p v ■ 

• Does the author* feel that a game approach should be considered as an ^ 

£k," * * «. * * o 

occasional mode of instruction'or as the primary medium of instruction? 

, ^ » 

It would have been helpful" if the^author would have specified the active 
. game mode of instruction in some detail (only references are given). - * 

Apparently, no paper-and-pencil activities were included. A^ description 
of one, or two games, and the Content these games were -to convey, would have 
been welcome. Was it the case -that the active game #pproach*did not involve 
any pictorial representation? This would seem to handicap , the written test 
performances of children in this medium, of instruction. 

\ 
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While mean achievement scores are given for posttes^s a"nd retention 
♦ t 
tests, it should |>e asked if these scores represent satisfactory achievements 

What was the' maximum possible test score? What expectations dicLjteachers or 

. test publishers set for student? achievement? Sample test items and stuaent 

performance on these itrems^would help in this regard. r * 

The author is to be commended for doing research} in a "real" c#ti<ext, 

i.e., in actu al ^ classrooms and using regular teachers following a commerical 

text. I view the outcomes as. ^evidence ^fco encourage teachers to depart from 

a textbook format on occasion. .Such departures can add variety and reality 

to the mathematics classroom.^ . I do not see evidence to^ conclude that* an 

active game approach wquld be viable ow. a widespread basis. <& 



•Sv 
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Schunk, Dale H. MODELING AND ATTRIBUTIONAL EFFECTS ON CHILDREN 1 S JlCHIEVEr- 
MENT: A SELF -EFFICACY ANALYSIS. Journal Educational' Psychology 73:* 
93-105; February- 1981. ** " • 

Abstract- and comments prepared for I.M.E. hy A.. EDftARD^UPR ICHARD $ 
University of South Florida. * 



. I.. Purpose * * , - 

"The purpose of this study was to test hypotheses from self-ef f icacy 
theory as it related to children's performance ^with the distributive division 
algorithm. 

2, Rationale % s * 
Self-ef f icacy theory predicts that different modes of influence change 

behavi6*^in part by creating and strengthening self -percepts of efficacy. 
^Perceived ^elf-eff icacy , judgments about one *s capability to perform given' 
activities^ influences, people r s choice of activities, effort expenditure, 
^ and persistence in the face of difficulties. , Higher perceived efficacy leads 
to greater. sustained involvement in activities ^nd subsequent achievement. 
* • < • 

3. • Research Design .and Procedures ^ ^ 
* Three sets of hypotheses were tested in this study. The first set of 

hypotheses, related to postering the development of arithmetic skills (division) 
^ and .s elf -eff icacy *h providing sub jects'with modeling* guided performance, 



corrective feedback, and self-directed mastery (Bandura, 1977). Treatments 
lnv&lvejl two instructional modes, didactic and cognitive modeling. The 
second set of hypotheses concerned the effects on achievement of effort 
attribution for success^ and difficulty provided during the process of compe- 
tency "development ¥ox Jgali of 'the subjects^ within/each of the two instruc- 
tional treatments, the ^experimenter periodically ascVibed the subjects* 

successes to sustained effort, and their difficulties to insufficient effort, 
° inscribing padt. achievement outcomes to effort "is hypothesized to have 
motivational .eVfects^ (Weiner, 1977,^1975; Weinet et al., 1971). The third 
set of hypotheses^ focused on the relationship of self-efficacy or accuracy 
jOf self ^efceptsSo subsequent achievement. ' The dependent measures were 
. arithmetic skill, persistence (£ime on task), and self-efficacy (judgment)* 



> ■ • . *" : ... 
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^ S it*was hypothesized that compared with didactic instruction, 
costive Modeling would 'result in higher arithmetic achieve- 
ment, persistence, self-efficacy, and accuracy of self- 
appraisal. 'Effort attribution was expected to, lead to . 
— \ higher achievement, persistence, self-efficacy, "and 

* accuracy of self-appraisal in the modeling treatment but not 
v 'in the didactic treatment. (p. 95) 

i The sample consisted of 56 middle-class children ranging in age from 
9 years 2 months to 11 years 3 months, with a mean of 9 years 10 months. 
There were 33 males and 23 females. The sample was drawn from five 
^elementary schools. Teacher judgment was used to. identify children, who 
displayed low arithmetic achievement, persistence, and self-confidence. 
Those children identified were then individually administered Jthe formal 
preassessment , which consisted of an arithmetic performance test and an 
efficacy judgment scale. v -* 

The arithmetic * pretest consisted of IS division problems graded in 
level of difficulty. Twelve were considered training^ptl^|ems (1-digit and 
2-digit divisors) and six were generalization problems (3-digit and 4-digit 
divisors). Each division problem was presented on a single page, wit h time 
spent on each problem recorded as a measure of persistence. 

Children's pretest* level of efficacy was measured after the division 
performance^eat to_ insure familiarity with the ,dif ferent types of problems. 
Eighteen pairs of division problems (increasing in level of difficulty) were 
presented to each child for 2 seconds each. For each pair of problems, 
children T*ere asked to judge on -separate efficacy scales their capability 
to solve x that type of problem. 

Subjects were those children who failed to solve at least four pretest 
division problems. They were randomly assigned to'one of four conditions 
of 12 subjects each (modeling-attribution, modeling-no, attribution, 6 
didactic-attribution, di4actic-no attribution) or to a non-treated control 
group of 8 subjects. All instructional treatments consisted of three 
55-minute training sessions, each on a separate day. Each training session 
had three-phases: instructional and division strategies (10 minutes), 
practice with learned strategies (35 minutes), and directed mastery (10 
minuses). All training was administered individually^ and focused on 
solving division problems using the distributive algorithm. 
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Treatments were distinguished by the mode of instruction* given during 

the instruction phases, the format' of corrective feedback for conceptual' 

errors occurring during the practice phases, and whether effort; attribution 

tAP — ) % , 1 1 \ 

was^ provided for successes and difficulties during the practice phases. 

For example, in the cognitive-modeling treatment children , observed an adult 

mWel solving division problems contained in the explanatory pagers of the 

training packet and verbalirzing aloud the solution strategies used to 

arrive at the correct solutions. Also, corrective modeling was provided 

when children 1 encountered conceptual difficulties. In the didactic treat- 

ment children studied the same explanatory pages on their own, after which 

they worked the practice problems. When children encountered conceptual ^ 

difficulty, they were referred to the relevant section of the explanatory 

pages and told to review them. For children assigned to i;he .modeling- and 

didactic-attribution conditions, the trainer "attributed their successes to 

high effort and their difficulties to low effort. 

Post treatment assessment was conducted within a week after training. 

The procedures were identical to those used in t'he pretreatment assessment 

excerf that "efficacy judgments were collected before the division performance 

test. The (revision posttest was an alternate form of the .division pretest 

(r » tfetropplitan Achievement Test^sco£es\in mathematics were also 

obtained for eacK child to" determine .whether mathematical ability, was related 

tatchildren s -response "Ifo .treatment. * * 



4. Findings ^ ^ * * X ; V r > ' '« ^ 

The seXf^ef f icacy scores*' were analya^d using a median sgiit; ^ 
judgments higher tjjan *55» whitA r \na£#al;ed at leaftamoderajpe 
assurance, were scored as/eff icaciQUst whereas 5 thpfe lower, - 
than 55 were scored, as inefficacious*. Per'sieten^e/ was iieflned\. 
as* the number o£ seconds children worked «a6J( problem. ^er«- , » 
formance-test problems we re Scored 'as correct if children * ^ 
correctly applied the division operations at eacli solution 4 , 
stage or made a small computational error but otherwise used e 
" the* correct operations, (p. 97)." t * *•* 

Post test scores" (training -p^rpblem) were pooled across -the ^Ipur treat- " 

ments and* compared witl) pretest scores' using the* t-test for c^orrelate^ „ 

scores to assess the overall effects of treatment/ This late^analysfs 4 - " 

"•yielded differences which «we re significant and reliable for division 'accuracy^ 
' * * 1 ***** 

(p < .OlJ f for persistence*^ (p <^01) , and for self-efficacy <p ^~.tfl;. Thaf 

is, children who received treatment^ judged themselves more efficacious, , * 

• ' ' ' 4 ■ & 1 



persiate<f_longer , and ^solved more problems. The controls showed no signi- 
ficant differences except f or 'iess persistence. 

The posttest measures (accuracy, persistence, self-efficacy) were ana- 
lyzed usinjg multiple-regressioji procedures, \Jariatian in posttest self- 
efficacy judgments was significantly affected by pretest self-ef f icacy 
(p < .01); more efficacious children at the outset tended to remain so. 
Variation ? in posttest persistence scores was significantly affected by pre- 
test persistence (p <T .01) an4 posttest self-efficacy (p < .05). Efficacy 
(p < .01), persistence, (p £ .01), pretest accuracy (p < .01), the modeling- 
didactic variable (p < .05), and the MAT scpre (p < .05) each accounted for 

* 

a significant increment ,in the explained portion of variance in posttest 
accuracy. „ 

Since Dost test accuracy is a function of multiple inf luepides, a causal 
mo<|el involving four variables (treatment,* self-ef f icacy , persistence, and 
accuracy) was identified and tested using path analysis. Results using this - 
model "reproduced the original correlation matrix except for the correlation 
between treatment and accuracy:' reproduced r, 85 \05; original r* = .23. Thus, 
the model was ejected. 4 

To provide* a more stringent test of the relationship between self- 
percepts of self-efficacy and accuracy (training problems),* the level of 
i congruence between these two factors was calculated by comparing each posttest 
efficacy judgment with the subsequent accuracy score on the problem of • the 
mparahle form ' and-di f f 1r.nl ty_. Two .measures of .incongruence were also. 1 



computed: overestimation and underestimation. fThe didactic treatments ^ 
showed less congruence on the posttest than on the pretest (p < .01; p < .05) 
and didactic-ajitributional children overestimated more oh the* posttest than 
o*n the pretest X? K ^03). There were no significant changes for modeling 
groups. . <* 

Multiple regression procedures were also applied to the posttest data. 
The percentages of the total variation in the posttest data accounted for by 
^ these predictors were 31% (2 52f adjusted) for congruence, 28% (22% adjusted) 
for overestimation, and 9% adjusted) for under*est£matiqn. Congruence was 
significantly "affected IgJ both, the instructional-treatmept and attribution- 
wit hin-mc^de ling* variables. Modeling-'children showed significantly higher 
congruence than didactic children (p <, .01), whereas modeling children 
receiving attribution showed higher congruence than those not receiving 



attribution (p < .05) ^ No significant differences were found due to the 
attrlbut ion-wit hii>-didactic variable. 



5. Interpretations . 

a. This study demonstrates that treatment procedures providing problem- 
solving principles, practice on applying the principle, corrective feedback, 
and self-jdirected mastery were effective in developing skills ana* enhancing 
a sense of efficacy in children who had experienced profound failure in 
mathematics. , 

b. Cognitive modeling was more effective than didactic instruction in 
promoting skills development. ' 

c. Greater gains in self-efficacy and persistence as a rlsult of modeling 
did not receive support. ^ ' ' 

d. That attributing successes and difficulties to effort should influence 
self-ef flcacy , persistence, and skill accomplishment for modeling children 
failed* to receive support. (This ^finding suggests the need for caution in^ 

. the use of effort attribution to" correct cognitive deficiencies.) 

e. ,Perceived efficacy was an accurate predictor of arithmetic performance 
across levels of test difficulty and modes of treatment. Modeling children 
showed significantly higher congruence than didactic children, whereas 
modeling children receiving attribution showed Jiigher congruence than those 
not receiving attribution. I 

x- ~-L*~ Regardless- of treatment^children-with greater- rathemajt-ical ability 
Respond better to training. 

♦ Abstractor's Comments « * ' 

Mathematics learning was not the focus of this research; rather, mathe- 
matics learning was used aS a vehicle* to study self-efficacy theory. The 
context* of the study itf more psychological than contejit-specif ic . As such, 



ntaat- 

the jfesults have implications for achievement in gero^Ql. „ , ^ 

"This research report was. well-organized and well-written. I was im- 
pressed with the way the author articulated the relationships between 
theory or past research and judgments made aSout design^ implementation, pro- 
cedures, and interpreting results. However, there are a number of % points 
„ - ♦ • 

or issues I would like to address relative to this work. 
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* % 

Self-efficacy is enhanced by information conveyed .through such 
different treatment modalities as actual performance, modeling, 

"systematic desensitization. The treatments in this study 
included actual performance and modeling but not systematit desen- 
sitization. In working with children who, display low arithmetic 
achievement, persistence, and self-confidence, one would predict 
^ that systematic desensitization would be a more effective treat- 

ment component than modeling. How doeVcognitive modeling address 
mathematics anxi£ty?< 4 
2. The results indicate* 'there is not a significant effect for effort 

attribution across treatments. Tl?is finding might be related to 

% - 
locus of control. Children who believe that the locus of control 

is external might not be affected as much by effort attribution as 

those children who believe- that locus of control is internal. Locus 

df control issues were not examined by the investigator. 

3^ £t is seated that the children experiencing cognitive modeling 

out -per formed^*, hose experiencing the didactic treatment* on the 

division post test. While the means of the cognitive modeling groups 

, were higher than the means achieved by. the didactic groups, it is 

not clear how the investigator directly tested this hypothesis. 

4, Given the age of the subjects participating in this study and their 
' mathematics ability, I am not sure didactic instruction as defined -j 

here is an-appropriate treatment. I must be wrong!' I was. ; surprised 

that the^sublects instructed under, either treatment condition per- 

, v ** *. - * i '■* 

formed as well as they did on the ; .division posfctest, given instruc- 
tional timey It might be tbe'o^e *J»t~ihHividual instruction is„ 
efficacious in*enhancing children's self-perceptions of their capa- 
bilities ^o do division.^ ' % , 

5. Although the specific analysis of generalization scores wer,e not ^ 
presented, the investigator could have briefly addressed these 
results in the discussicp section. Generalization results would be 
of interest to mathematics educators. » e 
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Abstract :and comments prepared f^r I.M.E. by PA&L C. BiJRNS, 
The University* of Tennessee, y Knox^.le. - ^ 

1. Purpose - » * 

f The purpose of v this study was to investigate the differences between 

four' class sizes'(l%, 23,^30, .and -37) and their eifects*on: * 

a. • teacher e«pectations; # * « 

b. the attitude's- and opinions of participants (students and teachers); 

c. 'student achievement in reading^ mathematics, composition, and art; 

. d<. student self-carncept ; and * • ^ o 

v* . - - y i < * - 

«e.* a variety ojT classroom process variables (teacher-pupil participation, 

•. • * *> ^* 

* pupil participation, and- methp^of instruction). ' % * 



2.* Rationale ^ * .* ** ' \ ^ 

The contextual framework within which this investigation was conducted 
* f ♦ . 

includes ohese aspects of previous research: 

a. The issue^ af class , size has loid| attracted the interest of the . 

* educational 5bmmun?ty, as illustrated by the Glass and Smith (1979) 
report , ' \ ' 

b. * Literature relating to class size has teen interpreted in various, 
% , ways . * 

_3U - Research Design and Procedures 

- IS ixty-two t classes of students in 'the fourth and fifth grades from U, 
schools in three school districts in Metropolitan»Toronto participated in * 
this study. Teachers had at least two years of teaching experience ( and had 
expressed a willingness* to partioJLpate. Students from all socioeconomic f< 
levels^were include^ in the sample, but there was a. higher' proportion of. 
students from the lower socioeconomic categories (52 percent) in ,the sample 
than represented in the total elementary student population (44 percent). t 

In the tirst year of the study, fourth-grade teachers and students were 
randomly assigned to classes four Vizes. (16, 23, 30, or 37 students). The 
student; assignment a, were stratified' by sex* and by ratings of academic 
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-pet^ogaaacQ^-^F/ir, .the-secoad^^uy-fche. ^saae — teac h e rs a nd sJtxujeuLs were 



assigned in a like mannejc to Grade 5 classes,, with the conditions that 
students not be in a class size of. 16 or 37 for' both years of the study 
v and that teachers who taught classes of the two larger sizes would instruct 
classes of the two smaller sizes, and vice versa. 

Each year of the 'study, opinions and attitudes of teacher and student 
participants were collected. Standardized ^achievement tests, a self-concept 
scale, and an art and composition measure were administered to students. 
Observations of classroom process variables were made. • * 

One teacher questionnaire was administered prior to their being in- 
formed of their assigned class size. .This questionnaire obtained background 
information abou£ the teachefs and their expectations for each of the <pro- y ^ 
posed class sizes. A second questionnaire surveyed teaahers' opinions toward 
their assigned class size each of the two years. Two forms of a semantic 
differential scale were completed by participating teachers relating to "My 
Classroom" and "The Pupils^ I Teach". Questionnaires measured students 1 
attitudes toward specific subjects of instruction, the classroom environment, 
y their contact with teachers and peers, and their general satisfaction in 
1 school. A semantic differential used with pupils described "My Classroom". 

Four subtests of the Canadian Tests of Basic Skills were administered: 
vocabulary, reading comprehension, mathematics concepts, and mathematics 
problem solving. The New^York Self -Concept Inventory measured pupils 1 
academic self-concept. Samples of students 1 art Vere collected and these 
samples were rated on a developmental scale. Students compositions on the 
topics ,r Dreams" (first yearD^nd "Wishes" (second year) were assessed by a 
five-point rating scale. ^ 

Observations ,pf classroom process variables were made r with the Toronto 

* 4 r ^ • • 

Classroom Observation Schedule (TCOS) . The following variables were investi- 
gated with the TCOS: (1) teacher-pupil interaction; (2) )pup±l participation; 
(3) pupil satisfaction; '(4) method of instructions (5) subject; emphasis;-' 
X6) physical conditions; (7) Jise~ of educational* aids;" and (8) classroom 
atmosphere. For both years of the study, trained observers use'd the TCOS fVt 
eight hal£ t -day visits to each participating classroom.' In addition, the 
observers useM an instrument called "Indicators of Quality" during five 20- 
minute visits to each clasps .^*fhe Indicators of Quality checked four aspects 
of classroom activity: (a) individualization; (b) interpersonal regard; 
(c) creative* expression; and (d) group activity. 



The stud/ generated data from 16 classes with class sizes 16 and^23^ 
~" a¥arTr^TseV*e acJT oT "cTas F"sl ze s 30 and~37\ DltTe^eTTcje^ TJeTe*lT5Stfsral — ' * 

to . by a one-way ana lysis, of variance with the class serving as a unit of ' 

* ' :> » " - ' I " — ' h 

N analysis. For the student f dat'a',_5he_ variability due— tT£7e£r or" the study 

„ -and teacher" was~Tir st. removed using a multiple linear regression technique 

and an analysis of variance was performed using 'the "residuals 11 . , t For the 
observational data, means of each variable^ were first compared with pro- 
portions tests; then a one-way analysis of variance by class size was con- 
ducted. V?hen a significant difference was found, pseudpvalues were caTcu- 
lated and a similar analysis of variance was performed bn the^pseudovalues . 
If an analysis of variance of either type of data resulted ixt a significant 

■ uvm.all effei:L dim -iio-cl ass sjze. paired contra ct: ? or ran ge -ff^kts were 



"^conducted. 4 ' * • 1 ' 

. 4 . Findings " »a ' 7! ' 4 5 

THe following- results were reported relative to the various components* ^ 
of the study; * , 

A* Teachers' Affective Measures ' • " . • \ 

\ 1) Prior to the study, teachers' responses showed that 9*4 percent 

pf the positjlve expectations were directed toward the smaller 

* *** * 

classes, and 91 percent of the ne gat ive*expec Rations -were toward' j 

* ^ > *j ^ ^ ^, > « f ' ' 

» the larger classes, . Following the^.stu<iy, it was noted that 

^ " « " — ■ * * " 

teachers' opinions matched their expectations. (That is, 

• . , teachers expected that individualization would.be greater in 

* 'smaller classes and, J: hey* restated that this practice Jiad ^occurred. ) 

Teachers who- went from a "^arge" .to* a" "small" class size were ' 

' % ' *> , significantly (p € .001) mqre likely to rep/vrt that/they liked 

the smaller class size and reported^ higher personal energy,, 

leve}.»* They? also believed fchat pupils contributed more, paid . 

( better attent?i&n, and wei^e* more satisfied with the smaller • - 

classes. j . , > - 

v> ^ 2) On the semantic diff erential rrftln^s, "tB^chers 9 in class size 16 

„ ' rated "My Classroom 11 signff "fcantl<y more positively ' (p < .01)' 

v~» 'than those in class slze^s '30 ant}' 37. t , * * 

B. ObsefvatiA of Classroom Process Variables ' r * 

■> » fa 

1)' Thare were numerous variables on- the Classroom Observation * • 
Schedule unaffected by class size. 1 
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2) SignificanttUdif ferences between class sizes wesfe detected in 
the following variables (p < .05): proportion of . pupils i* 



ad^essed as individuals; lecture by teaser; supervision by^ 
teach^w.hile pupils were working; and proporujfe % of written 

„ aids used. V3fi. 

3) There were no significant effects of class size on the 

"Indicators of Quality" scores'. 

i o . 

C- Student Affective Measures • °. ^ 

1) There was no significant difference due to class size 'oh the 4 
s Attitudes T6ward School Scale, the Semantic Differential Scale, 
^ • or the SeK-Concept Scale. « ' 

D. Student Achievement Measures 

1> There were no significant differences attributable to class 

size or art, composition, vocabulary, reading*, arid mathematics 

*■ * *■ 
problem solving. » For mathematics concepts there was a signifi- 

cant overall effect due to class size, favoring the class size 

/* 

* 16 (p < .05). * ^ '/ * 

Interpretations « * * ^ 

The following interpretations are pointed out by the investigators: 

a. Manipulating class sizes experimentally resulted in few changes in 
classroom functioning in the fourth and fifth grades. 

b. Of the dependent variables examined, the ones that tended to show^ 
differences due to <Slass size were teachers 1 opinions and, attitudes. 

* Teachers believed the smaller class sizes to have many advantages' 
'over the> larger classes* especially in terms of possible indivi- 
dualization. Teachers ^reported they made changes to adjust to the 
different. class sizes, but these perceptions did not receive much 
support from the observational and student outcome data. 

c. Teachers' did^ not alter the proportion "of their £ime spent inter- 
acting with the whole class, with groups', or^with individual pupils. 

d. Individual pupils were adJres^ed more' frequently by teachers- iff ^ 
the small classes/but t fie re were rib corresponding differences in* * 
the total amount of time the teachers sfcent talking to individuals. 

^It seemed thaj pujAls in the smaller class sizes had more individual 
interactions with their teachers because a constant amount of time 



-for individual 'interactions was being distributed amone\fewer 
v ;y l^pils. ' J ' _ - ✓ < 

eV Observational data indicated virtually no changes in. methods of 

* f V ' . . M. 

instruction used by teachers in the different class sizes*. Th^ ; - 

•» T, *■ r * 

investigators quote^d other researchers in stating that teachers " * 

general]^ do not take advantage of the .opportunity afforded 'by* „ 

* * small classes tq fhdividualize their instructional procedures^ a 

'• * * % v - 

• "considerable amount ^of Instruction in small classes is still $ * 

\ wholexclass oriented, * 

« ^ • SL - . • 

f. Standardized measures, for students' academic achievement showed 

' A $ * " . * i ' 0 

a significant c^lass 'size effect only for mathematics concepts; C 

j * ' v ^ » 

tj . ^ students in class s*ze l^ad higher 'scares than their, a f>eers in 

class sizes 30>and 37. Theresas no significant difference in other 

academic achievement. The researcheri&state that 'the argument that 

performance in'endeavors such as art, or composition would be. more o 

^ SensltlVe t0 class si * e e Cf ects than- the ot^^^chievement areas was 
* *not^ supported. . ^ '* 3 ^ 

^ g. There were no class size effects for ^^idents K attitudes 'toward* 

school and for their self -concepts. 

„ *h. Changing cla/ss size did notwjresult in any observed differences in 

pupils' participation in^las^r^m tasks. * 



AU&LICU.LUI s uunnnencs ^ - v 



Abstr actors Comments "* v ^ 



The impact of class size on achievement in mathematics is" a topic worthy 
of consideration, and other related variables such as were explored in this 
study should be examined. Research in the^arearof class size has Produced 
conflicting and varied results. t / * ' v. 

The investigators describe clearly their purposes, rationale, research 
design and procedures, and f indings.^ Readers may likely wish for a mbre * 
straight-forward 'sfatsment of the * hypotheses* they were testing* Also, a 
further word of explanation abdut assigning students by Ratings of academic , 
performance 11 might have been helpful. ThV'inf Jr^VioV provided about the 
instruments used is appreciated. The discussion closely followed the findings 
of the study. f Some more straightforwardly stated conClus*ipns fronuthe study 
might have' been helpful. * 



J A fpw implications could have been suggested and a few 'specific - * 

suggestions^ would be most helpful to classroom teachers. The investiga- 
T • <, » 

•* tors do compare- their results with other researchers, particularly when 

pointing out some questionable parts of the Glass and Smith analysis. We 

! are left with a need for further research which attempts to manipulate 

* experimentally instructional procedures for different class sizes. The 

, investigators suggest this when they state that "class size could be appro t H 

priately altered in different situations by redistributing students and time 

and by changing instructional techniques." "* • » 

Reference * * * 



Glass, G. and Smith, M. Meta-analysis of research, on xilass' size and achieve 
" ment. Educational Evaluation and Policy Analysis , 1979, j_ (1), 2-16. 

V * ? * 

* , • * ' 'a 
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West, Tommie A. /l NEW LOOK AT AN OLD ASSUMPTION: THE ROLE OF THE* HORIZON- 
TAL NUMBER SENTENCE IN PROBLEM SOLVING BY YOUNG CHILDREN. School Science 
and Mathematics 80: 493-501'; October 1980% 



Abstract and comment s prepared for I.M.E. by ROBERT B. ASHLOCK, 
— RTS Graduate School of Education, Jackson, Mississippi. 

. : • ' . . ; - ' ■ 

1. Purpose * < 

To probe the^ validity of the assumption that horizontal number sentences 
are pedagogically desirable in helping children 'master the skills of problem 
solving. Questions were raised as children's responses were examined. 

2 . * Rationale ' ^ * ' : * 

^The assumption that horizontal number sentences can be used to help 
children master the skills of ^problem solving is ^Ldely accepted. But tyeaver 
(1976) wonders if some of oyr instruction with young children is toomathe-. 
matically sophisticated for them. Other researchers point i'o increasing 
evidence that difficulty with' missing addend subtraction is a developmental 
<^bne. ' - ' 

...... - - . 

3. Research Design and Procedures t # * 
^ Three subtraction verbal problem^ were presented to each of 502 mid- - 

. year third-grade children in 24 classrooms in Montgomery County, Maryland. 

. * For each problem, children were asked to write a number sentence and then 
solve^he problem. Verbal problems had either a missing addend or a compari- 
son interpretation. The first contained a basic." fact , ,the second involved 
a two-digit problem with no regrouping^and the third required regrouping. 

Children's answers, were classified as^ "correct" or "incorrect", while 
number sentences were classified as "appropriate* canonical", "appropriate 
noncanonical", or "inappropriate". Appropriate ^canonical sentences contained 
the sign of the operation to^be used in computing tlje answer,. while appro- 
priate noncanonical sentences needed to be transformed before they cou^d be 
computed. Inappropriate numher sentences did not rnqdet the problem* 



4,. Findings. n * 

Rates of occurrence reported for different response categories include 
the data in Table 1. - 
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Table 1 



Rates^of Occurrence '4n 
Different Response. Categories ^ - 



Percentage of Appropriate 
* -Canonical Sentences 

o 

Percentage of Appropriate. 

Noncanonical Sentences . 

^ Percentage 'of Students ^riting^ 
e Inappropriate Sentences 



Problem 1 


Problem 2 


^bly.em 3 








43 




45 • 








^33. 


30 * 


16 


24 r 


22 


39. 



A 5 .« 

Student responses for Problem 1 are reported in - detail. Within -each 
response category, the number of responses is reported for each different 
number sentence trhat was written. Children's responses for Problem ^ajad 
Problem 3 are not reported, but are said to be similar to Tesponses for 

Problem 1. a * * •» . " * 

•* - * 

Examination of responses^ raised the following questions regarding use 

* *^~* 
of number sentences by young children for problem solving* 

, Question 1: Do children use the horizontal number ^sentence in solving 

problems? ^— * * , 

Many of those students who were aj>le to find a solution .were 
not able to construct a rfumber sentence for the problem. 0 

Question 2: Does the horizontal number sentence encourage an incorrect 
* statement of Che problem? - « * 

» Inappropriate number sentences were* written as follows: 24% 
for the first problem, 22% for the second, aid 39% for the third. 

Question 3: Does*the horizontal number sentence mislead the student about 
the' operStion to be used to solye the problem? 

*A large number ^of students apparently thought of the problems as s 
*. — ^ addition pro]blemsf*-aird Wate appropriate** noncanonical' sentences 
that were not transformed into subtraction sentences. . 
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Question 4: Does the -horizontal number sentence mislead ^students, about the 

answer fro the problem? 

•One-third of the students. who wrote a correct addition sentence 
(appropriate noncanonical) for. the first" problem were nojt ablest o 
identify the answer, though'they had already found it. Iheir 
answer "occurs a^s the number following the equality symbol in 
the horizontal number sentence." Also, a large number of 
students did not use the place-holder notation, which seemed to 
contribute to the difficulty they experienced in locating the 
answer in their completed number sentence. 

Question 5: Does the student translate the appropriate noncanonical statement- 

of the problem into a canonical or computational format? 
JF ' Children had "greatest difficulty in translating noncanonical 

sentences into forms leading to solution. While 69% of the 
students who wrote the third problem in canonical form, solved, it 
correctly, only 40% of those writing tfcgCnoncanonical *£orm did 
so. Weaver. (1976) also found these' transformations , to be ^very** 1 \ 
difficult for third-grade pupils. Furthermore, other 'researchers 
indicate that first and second graders have 'difficulty trans- 
, lating number sentences into the equivalent forms needed to solve 

the problems. - • * 



Question 6: Does the horizontal number sentence encourage •computational errors 
Children had difficulty subtracting two-digit numbers "presented 
"in the horizontal format. *• 



Question 7: What is the effect on a child's confidence in solving verbal 
problems when the work he does' to solve a p.roblem produces an answer which 
is consistent with his intuitive solution? t ^ 

It was distressing to note that correct answers acquired through 
informal procedures were not always supported by the number 
sentences that had supposedly produced them. Children would 
arrive at an answer and supply it in their number sentence, 
but not recognize it as the solution to the problem. 
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5, Interpretations •* . *Jp 

* The author questions the pedagogical desirability "of haying youngsters t 

* ' 0 . • •« 

use horizontal number sentences in early work with verbal problems, as xlid 

. - t 

Weaver (1976) , She also notes that there is evidence that difficulty with 
missing addend subtraction is a developmental one for children. Questions 
for further research that are raised include: 
v , • Should we- require that all rtoncanonical forms be translated 
into canonical or'.computational fdrmat? * % 
Should we require that thfc c.anonica^ jfornr, of" |he sentence be 

constructed from the'beginning^g jjjffi . 
Should we require the vertical farmat for .verbal problems.as a 
first step in the symboliza^iun of' the problem? . "fc 



Abstractor's' Comments 



The use of horizontal number sentences with children* in the^4^jjLmary gtade 
certainly needs t further sfcudy, and, the author's probes are walcomev Wherf^M * 
reading the report, we should remember that she is probing, tier questions \ 
were raised by the data; the data were not collected to investigate the 
questions empirically, , . ' - ^ 

The exploration provides further evidence that many Gffildren' jjerely- "push 
^symbols around", they do not use or respond *to written number sentences mean- 
ingfully ^itowever, the investigation itself would have been cie*tr^er ?f all 
three problems were missing addend problems, for dif f icu^ty % of computation 
has been confounded with type of problem, * 

* It is reported that children had difficulty subtracting two-digit numbers 
presented in the horizontal format, but the report doe^s not make it at all 
clear that children understood the*y could use* conventional algorithms for the 

y * * 

actual computation. If children thought they had to do subtraction with 
regrouping by merely looking at a number sentence, another variable was intro- 
duced, i 

Question 7 and the discussion which follows are confusing as they appear 
in the report, Perhaps what is intende^d is the effect of solutions which 
are inconsistent with intuitive solutions. 

Both in the rationale and in the conclusion of the study, there are 
references tg. increasing evidence that 0 dif ficulty With missing addend subtrac- 
tion is ^developmental difficulty, but in her discussion the author does not 

1 « ' - 
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specify how what she is observing may be developmental in nature. 

Studies of academic achievement "by young children often assume that* 
whatever most children. find easiest to do at a point in time should be-taught 
first.' What .children have actually, learned, anaThow this interacts wi|h the 
tasks at hand, are not examined,, nor are long-term effects. <, 

If it can, be assumed that children in the study had~learned to think / 
of addition as "putting together" and subtraction as "taking away", then it 
is not surprising that children found it difficult to assign subtraction to 
putting together situations. 

It is also trie that large numbers of children actually learn to think 

of equals as "results in an answer of ." Therefore, it is not surprising 

that children writing noncanonical statements had difficulty locating the 
answer in their own statements. ° , 

It is encouraging to see highllgntfed the difficulty children encounter 
with transformations. The reviewer is reminded of Wilson's (1967) research 
with fourtfr-§rade children in which children taj^ht to write the canonical form 
from the beginning (wanted- given approach) had greater achievement than t^iose 
who were taught/ to write appropriate noncanonical statements arid then trans- 
form * them so tney could compute (action-sequence approach). In the Wilson 
study, able students were actually confused by being required to write noh-; 
canonical number, sentences. 

The questions posed for further research .at the close of the report are _ 
a fruitful product 'of the study. 

4 - , References 
Weaver, J. Fred. Calculator-^fluenced Explorations in School Mathematics ; 1 
A Further Investigation of Third-grade Pupils 1 Performance on Open 
, Addition and Subtraction Sentences . Project Paper 76-3, Report No. 
WRDCCL-PP-76-3, National Institute of Education (DHEW) * Madison, 
Wisconsin: Wisconsin University Research and Development Center for 
r Cognitive Learning, April 1976. % 

-Wilson, John W. The role of structure in verbal problem* solving. , Arithmetic 
Teacher, 1967, 14, 486-497. • . 
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MATHEMATICS EDUCATION RESEARCH^ STqpiES REPORTED IN JOURNALS AS INDEXED BY 
CURRENT INDEX TO JOURNALS IN EDUCATION . 

x October - December 1981 

* e 

EJ 246 724 rigsticka, * Alice; "fraugh, Cecilia. A 'Descriptive Study"of 

** Pre-Service Teachers 1 Attitudes^toward and Aptitude in Mathematics. 
«T s ' College Student Journal , vI5 nl, 32-37," Spring 1971;r~ ^ V 

EJ^"247 204 Margolis, Howard; And Others/: The Efficiency of Myklebust's^ 

# Pupil Rating Scale for Detecting Reading and Arithmetic Difficulties. 
Journal of Learning Disabilities , vU" n5,*-267-68, 302, May 1981. 

* ^ X ' 

EJ 247,645 Squire, Barry F . ; And Others. Effect of Mode of Instruction , 
on Prospective "Elementary Teachers/ Attitudes toward Mathematics., 
Alberta Journal of Educational Research , v27 nl, 35-45, March 1981. 

EJ 247 647 Bany, Bruce P.; Carbno, W. Clifford. Preferred Inservice 
Activities among Teachers of Elementary School Mathematics. 
Alberta Journal of J Educational Research , v27 nl, 57-73, March 1981. 

EJ 247 690 DeVecchi, James Martin. The Construction of a, Logical- 
Empirical Structure of Knowledge for Differential Calculus Using a 
Theoretical Framework Base^d on %Learning f Hierarchy Theory and Order 
1 Theory. Journal for Research Jin Mathematics Education, vl2 n3, 
163-^4, May 198 h. 

EJ^47 691^Scliaen^ttArold L. ;^And Others. * Instruction in Estimating 

Solutions o£ Whole Number Computations. Journal* for Research ift 
. * Mathematics Education , vl2 n3, 165-78, May 1981. 
— ^ 

EJ 247 &92 Lemoyne, Gisele; Favreau, Mireille. Piaget's Concept of Number 
development : Its Relevance t6 Jlathematics Learning. Journal for 
Research in Mathematics Education, v!2 n3, 179-96, May 1981. * 
*h> , ^ 

EJ 247 693 Hiebert, James. Cognitive Development^ and Learning Linear 

Measurement. Journal for Research in Mathematics Education , vl2. n3, v 
' 197-211, May '1981. 

E^ 247 694 Vest, Floyd. ^ College Students* Comprehension of Conjunction 
and Disjunction. Journal for Research jn Mathematics Education , 
wit n3, 213-19, May 1981- * \ \ ~ ? 

EJ 247 695 Cooney, Thomas J; And Others. • The Effects of Two Strategies 
for Teaching Two Mathematical Skills. Journal for Research in 
Mathematics Education vl2 n3, 220-25 f May 1981c* ? 

* • > 

EJ 247 *696 Kidder, F. Richard; Lamb Charles E. Conservation oi Length: 
Ah Invariant — A k Study, and a Follow-up. Journal for Research in 
Mathematics Education , vl2 n3, 225-30^_ May^l981^ j ^ . 

EJ 247 762 Mansfield, Helen. A Re portion Pre-setvice Mathematics Education 
'for Primary School Teachers in^ktstralia. » Australian^ Mathematics 
Teacher > v36'n4, 12-15,.. Janu^r^l981 . 
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EJ 247^796 Luchins, Edith H. Women and Mathematics: Fact and Fiction. 
^ 'Ame ric an : Mathematical Monthly , v88 n6, 4^-19, June- July 1981. 

EJ 247 757 Turner, Nura D. Twenty Years Later: High School Students 

Wr\o Showed Promise in Mathematics. American Mathematical .Monthly , 
v88n6, $32-^5, June- July, .19^1? < * * ■* ) 




EJ 247 810 Suydam, Marfan N.;, Weaver, J.^F. ^Research on Mathematics 
Education Reported in 1980. journal for Research' In Mathematics 
Education , vl2 n4, 241-319* 3%Ly 1981. Z * 3 

EJ 247 818 Vienffot, *L. Common Practice in Elementary Algebra. European 

Journal of Science Education , v3 n2, 183-94, April-June 1981. 
1 ■ e 

EJ 247.936 Yawkey, Thomas Daniels. Sociodramatic Play Effects on Mathe- 
* matical Learning and Adult Ratirigs j of Playfulness in Five Year Olds. 
Journal^ of Research and Develo*pmenl" in Education ,« v!4 n3, 30-39, 
Spring 198i. ^ . 

EJ 247 946 Overton, Victoria. Research £n Instructional Computing and 

Mathematics Educat^onl Viewpoints in Teaching and Learning , v57 n2, 
23-36, Spring 1981.' " ~ * '. 

EJ 248 021 Karweit, Nancy; Slavin, Robert E. 'Measurement and Modeling 
Choices in Studies of Time and J^earning; American Educational 
Research Journal , vl8 n2, 157-71, Summer 1981. 

EJ 248 024 Pedro^Joan Daniels-; And Others. Election of High Schopl 
Mathematics by Females and Males * Attributions and Attitudes. 
^American Educational Research Journal , vl8 n2, 207-18, Summer 1981. 

EJ 248 125 Roach, / p.. A. Predictors of Mathematics Achievement in Jamaican 
1 Elementary School Children. Perceptual and Motjor Skills , v52 n3, 
785-86, June 1.981. . 

EJ 248^5,31 Wheeler, Larry; Re illy, Thomas F. Self-Goncept and Its Rela- 
' >tionship to Academic* Achievement for EM£ Adolescents. Journal for 
Special Educators , vl7\nl, 78-83, Fall ,1980. ' . 

EJ 248 741 The Devil's Advocates Sex Differences in Mathemati^L Reason- 
ing Ability. Journal for the Education of the Gifted , v4 n3y 
169-76, .239-43* Spring 198f. ' 7 " ^ 

' ■ J 
EJ 248 903 Hills, George X. C. Through a Glass Darkly:* A Naturalistic 

Study of Students 1 Understanding "of Mathematical Word Problems. 

Instructional Science ; vlO nl» 67-93, April 1981. — 

0 * ' * 

ED 249 134 Hudson, H. T. ; Rottmann,* Ray Correlation between Berform- 

ance in Physics and Priofc Mathematics Knowledge. Journal of Research 

in Science Teaching , vl8 n4, 291-94, July 1981. ' 

ED 249 139 Thornton, Melvin C. ; Fuller, Robert G. How do^ College Students 
Solve Proportion Problems? Journal of Research in Science Teaching ,^ 
vl8 n4 , 335-40, July 1,981.. 1 
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EJ 249 175, Za'rour, George I.; Gholam, Ghada K. Intellectual Development 
of Students at the Secondary-College Interface in Lebanon. Science 
' Education , v65 n3, 285-90, July 198L* 

\y * - „ "* ' 

EJ 249 419 Tobin, Kenneth G. ; Capie, William. The "Development and Valida- 
' tion of a Group Test of Logical Thinking, Educational and Psycho- 

logical Measurement , y41 n2, 413-23, Summer 1981. 

EJ 249 426> v Willson, Victor L'#; Stoller, Jane E. Predicting Teacher foTE 
Secretin Mathematics and Science. Educational and Psychological 
Measurement , v41 n2, 479-85, Summer 1981. y 

Q 

EJ 249 435 Btoadbooks, Wendy J.; And Others, A Construct Validation Sj&edy 
d*f the Fenoema-Sherman Mathematics Altitudes Scales. Educational 
and Psychological Measurement , v41 n2, 551-57, Summer 1981.*^ * 
5 ~1 t \ < 

EJ 249 719 de Wolf, Virginia A.. Jttigh School Ma the ma tics^ Preparation and 
Sex Differences in Quantitative Abilities.. Psychology,, of Women 
Quarterly , v5 n4/ 555-67, Summer 19S1*. ' > , 

EJ *250 240 Owston, Ronald D. Systematic Computational Errors and Achieve- 
ment in Elementary, Mathematics. Alberta Journal of Educational * 
Research v2 7 n2, 114-20, June 1981. 3u*». 

EJ 250 241 Horodezky, Betty; We ins te in, Pauline Smith. A Comparative , „ 
Analysis 'of Vocabulary Load of Three Provincially Adopted Trimary ** 
Arithmetic Series. - Alberta Journal' of Educational Research , v27 
n2, 121-32, June 1981. 

EJ 250 245 Nyberg, V. R. ; Biackmore, D. E. A Longitudinal $fudy 'of Grade 
III Achievement in Edmonton Public Schools. Alberta Journal of » 
Educational Research , v27 n2, 154-59, June 1981. . 

, 9* 

EJ 250 342 Hannah, Max; Henry, Bruce. Teaching Long Division of Decimals 
Using a Calculator. Australian Mathematics Teacher , v37 nl, 2-^3, 
April 1981. ? 
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MATHEMATICS EDUCATION RESEARCH STUDIES REPORTED IN RESOURCES IN EDUCATION v 
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ED 202 595 Cersten, Russell M. ; And Others. The Relationship of 'Entry IQ * * 
Level and Yearly Academic Growth Rates of Children in a Direct 
Instruction Model: A Longitudinal Study of Over 1500 Children . 
68p. MF01/PC03 available from EDRS. • * < 

t^r" * ■ * m. 
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i ♦ 
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ED, 202 678 Ogletree,* Tarl J.; Etlinger, Leonard E. Finger 'Mathematics for 
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ED 202 687 Ashcraft, Mark H.; And Others. The Development of Mental 
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ED 202 695 Horwitz, Luqy. Visualization and Arithmetic Problem Solving . 
22p* MF01/PC01 available from EDRS. 

ED *202 696 Clements, M» A. Spatial Ability > Visual Imagery, and Mathema- 

* . i tical Learning s 57p. MF01/PC03 available frpm EDRS. 

ED 202 705/ Fab'rey, Lawrence J.; Roberts, Dennis M. Effects of Calculator , 

Usage 'and Task Difficulty on State .Anxiety in Solving Statistical 

« Problems . 5p. MF01/PC01 available from EDRS. 
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• • * * ' 

t6 202 738 Driscoll, Mark J. . Research Within Reach; Elementary Scttool 

* Mathematics . I32p. *MF01/PC06 available froi^EE^S. 

ED 202 826 TittJLe, Carol Kehr; Deriker, Elenor Rubin. Issues in' the , • * * 
Outcome Evaluation Of a Math Anxiety Reduction Program* for Teacher « 
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